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General Purpose 
Die & Mould Stee! 3 








V/ Ae 


Chromium/ Vanadium 


Chromium/Molybdenum/ Nickel /Chromium 
‘Tungsten/Molybdenum Vanadium Molybdenum 
Hot Working & Forging Aluminium Extrusion & Backing Die & Hot 


Die Steel Pressure Die Casting Steel Working Steel 


Walter Somers Limited 


HAYWOOD FORGE HALES OWEN NR. BIRMINGHAM. Telephone Hales Owen 1185 
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WIDE RAM 


48) PRESSES for 
Trimming, Setting, etc. 





Sd 
ree 


Available in sizes from 100 to 1,000 ton, this 
specially designed multi-purpose press enables 
pre-forming, setting and straightening to be 
carried out in addition to trimming and piercing 
operations. Electrically driven, with transmission 
through alloy steel double helical gears. Compre- 
hensive lubrication system automatically 
interlocked with main press drive. Frame of 
maximum strength with large diameter tie bolts 
shrunk into position. Air-operated friction 


clutch fully protected against overload 


100-Ton Wide Ram Trimming j 





and Setting Press 


MASSEY DESIGNS INCLUDE 
Steam and Compressed At 
Hammers, Pneumatic Power 


sae mare, Prietion Dap B+S. MASSEY TE? OPENSHAW « MANCHESTER - ENGLAND 


and Compressed Aur Drop 


Hammers, ounterblow Hammers ; 
—_ axon a og oe MAKERS OF THE WORLD'S GREATEST RANGE OF 
rips rig Tesses, yre 
Fixing Ro ts a FORGING AND DROP FORGING PLANT 
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model has a uniform hot 





WILD-BARFIELD 


acuum Heat-Treatment 


RESISTANCE 
FURNACES 


ANNEALING * DEGASSING 
BRAZING * SINTERING 


The experience of the National Research Corpora- 
tion who have built more than 100 vacuum furnaces, 
now in successful operation, and the facilities in 
Britain of Wild-Barfield combine to offer unsur- 
passed vacuum resistance furnaces of the horizontal 
muffle, pit and bell types with diameters from 2 to 
54 inches 

Bright surfaces and reproducible results are 
assured by these furnaces, which can also be used 
to restore the desirable physical characteristics of 
hydrogen embrittled titanium and zirconium 
Special equipment can be made for particular 


requirements 
OTHER VACUUM EQUIPMENTS 


® Induction and Arc furnaces 
® Hydrogen in Titanium analyser 
® Vacuum Fusion gas analyser 


® High Vacuum Diffusion Pumps 


WRC is the trademark of the National Research Corporation 
SUP registered in the United States Patent Office 


FOR ALL HEAT-TREATMENT PURPOSES 


ELECTRIC FURNACES LIMITED 


RI ERT Telephone Watlord 2608! (6 lines 


NaC) 
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, Also manufactured by 
A G.W.B. Furnace installed at the works of = G.W.B. Furnaces Ltd: 


EARLE, BOURNE & CO. LTD. BIRMINGHAM 


* BATCH FURNACES 


This furnace is of a 2 ton per hour capacity. * BELL FURNACES 
is atmosphere controlled and is of the * BOGIE HEARTH FURNACES 
Continuous Roller Hearth type. In this instance * PIT FURNACES 
. . * MESH BELT CONVEYOR 
it is used for the treatme -opper ¢ 
e e ent of copper ind FURNACES 
brass tubes up to 35 feet in length also for coiled * CONTINUOUS ROLLER 
tubes. Rating is 285 kW in 3 control zones HEARTH FURNACES 
maximum temperat 70K * PCGEE Vive PEeees 
é emperature 700" 
* WALKING BEAM FURNACES 


Giivp G.W.B. FURNACES LTD. 


P.O. BOX 4° DIBDALE W ik )UDLEY - WORCS 
Tel: Dudley 55455 (9 line 


Associated with Gibbons Br Barfield Electric Furnaces Led 
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** Peddinghaus *’—the well 
tried and proven Master 


Shear — for rapid production 























of Billets and Slabs. Fitted 























with adjustable length stop, 























Electro- pneumatic wedge 
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continuous stroke control 


A 





























I 







































ORIGINAL 
PEDOINGHAUS 








PAUL GRANBY & CO.LTD. 


39 VICTORIA STREET-WESTMINSTER-LONDON:-SW iI 


Telephone ABBEY 5338 Teiegrams POWAFORGE SOWEST, LONDON Cables POWAFORGE. LONDON 
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STORDY -HAUCK 





~ \ 
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WJ (a SPHALT PLANT 
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( GLASS MELTING 





( Testine 


Stordy manufacture at their Wombourn 
Works a full range of Hauck fully self- 
proportioning oi! burners with full facilities 
for experimental work and for full testing 
of production burners before despatch 


: ia . STORDY ENGINEERING LIMITED 
CUMBRIA HOUSE, GOLDTHORN HILL, WOLVERHAMPTON Telephone: Wolverhampton 3734! 
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WELDING 
=) 5 7-¥ 41, fem.\, |) 
10) Bo] 4 >i) [exe) = 


WIGGIN HIGH-NICKEL ALLOYS 


Wiggin High Micke! Alloys 


This handbook is essential 





Henry Wiggin & Company Ltd Wiggin. Street. Birmingham 16 
Please send me without charge a copy of your new publication 


WELDING, BRAZING AND SOLDERING OF WIGGIN 


This new 86-page publication provides you with HIGH-NICKEL ALLOYS 

the most up-to-date data for guidance in join- 

ing Wiggin High-Nickel Alloys :—Oxy-acety- NAMI ——— 
lene, Metal-arc, Argon-arc, Resistance and 

Flash-butt welding. It also contains sections APPOINTMENT OR DEPT. an 
icalinz with the welding of dissimilar metals 

and on the lining of vessels. COMPANY AND ADDRESS 


MT/M33/8 











ae. HENRY WIGGIN & COMPANY LTD., WIGGIN STREET, BIRMINGHAM 16 
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from transformers 


to bellows ©» 


the relief of stresses demands 





EFCO 


BELL TYPE FURNACES 












reed to heat treat ferrous 
rous metals, in strip or wire 

ated form, in rectangular 
irical furnaces, in controlled 
phere or in vacuum —— choose 
fco Be 


. ’ r TRE WORLD'S 
FURNACE DESIGNS 


ELECTRIC RESISTANCE FURNACE CO. LTD 


war/n secs NETHERBY. QUEENS ROAD, WEYBRIDGE, SURREY © Weybridge 389! 


Aare ered ooh Erecire Chemmte! Engenmerong Co Lat 
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Cut very 


small pieces 







to accurate limits with the 


1, LAMBERTON 


AUTOMATIC 
BILLET SHEAR 








Write for further details to: 





EUMUCO (ENGLAND) LTD 


26 Fitzroy Square 
London W.1 


Telephone: EUSton 4651 
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160 kw 8 kic “Transaxe" type heater 
for heating the ends of pins 





Above : Automatic machine for 
surface hardening of small 
cylindrica! parts 


160 kw 8kic Screw spike heater 


Below : 100 kw 4 kic heater 
for tubes 


ACEC 


CHARLERO! 


For heating of billet Des ar 


DIieaSé Jel [ iC) Wilf 
ACEC (Ateliers de Constructions Electriques de Charleroi) 
Cromwell House, Fulwood Place, London, W.C.1 


Telephone : CHAncery 2932/3 Telex : London 28678 
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The “Allcase’’ Furnaces illustrated form 
part of a battery of fully-automatic 
sequence and programme controlled 
Furnaces used for Gas Carburising, 
Carbonitriding, and Reheating of various 
automobile components. 


the versatile ALLCASE’ furnace 





Two “Alicase” Furnaces at the works of a leading motor manufacturer, used for carburizing and carbonitriding steering 
and other parts, requiring various case compositions and depths. The hearth area of each furnace is 3’ 0” x 2’ 0” with I’ 6” 
permissible depth of charge, and is designed to accommodate gross charge weights varying from 900 Ib. at 750°C. to 
500 Ib. at 950°C. 

PROCESSES: With an operating temperature range of |,400 to |,750°F. the following controlled atmosphere processes 
can be carried out. 

1—Gas Carburizing. 2—Hot Oil he aoa 3—Clean Hardening. 4—Dry Cyaniding or Carbonitriding. 5—Carbon 


Restoration. 6—Homogeneous Carburizing. -Clean Annealing. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION. TOLEOO, USA 
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FURNACE 
FOUNDATIONS 


to ensure maximum protection to the 
underlying structural foundations 
and also 


SAVE MONEY, 
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Foundation for a blast 

furnace in Refractory 

Concrete, cast a; a cylindrical boss of 
32 ft. 6 in. diar-eter and 9 ft. depth. 


AND BOILER 


TIME AND LABOUR 


se REFRACTORY CONCRE 


Ss ienienientestesientenestentententeten | 


USE SECAR 250 
(an tron-free white calcium-alwmnate cement 
for 
Super Duty and Special Conditions of :— 

Higher Temperatures up to 1800°C 
Reducing Atmospheres. 
Resistance to Slag attack. 
Resistance to products of combustion 
Write for booklet ““ SECAR 250.” 


md a ie ae mdr ede 


bo ae am ap ae om om mw oe ow ow oo @ oe ell 


* Refractory Concrete 
stable under load 

up to 1350°C) is made 
with crushed firebrick 
and Ciment Fondu 
Ready for any purpose 


in 24 hours 





LAFARGE ALUMINOUS CEMENT CO. LTD., 73 BROOK ST., LONDON, W.1. Tel.: MAYfair 8546 


AP 59 
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» WILD x. 
Barrel 





Get thé name right 
for controlled 
gas Carburising... 




















Minimum carburising time, fastest production rates and full 
quality control—these are the advantages of the Wild-Barfield Generated 
Gas and ‘Carbodrip’ methods. The benefit of many years’ 
research is at your disposal when you write to us for advice on how 
gas carburising can give you a better product more efficiently. 

















WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS - OTTERSPOOL WAY - WATFORD BY-PASS - WATFORD - HERTS - TELEPHONE: WATFORD 26091 (8 LINES 
w.8. tol 
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Leadership through research, controlled 


ALLOY STEELMAKERS 


THOS 


metallurgy and craftsmanship 





The Company studies the impact upon 
Metallurgy of new techniques and design in 
all fields of engineering and has contributed 
many improvements in alloy steels and 
steelmaking processes during the past 100 
years. 





FIRTH | BROWN 


FIRTH 


SPEGIAL ALLOY STEELS 


+ FORGEMASTERS - STEEL FOUNDERS - HEAVY ENGINEERS 


JOHN BROWN LIMITEO . SHEFFIELD 


* ENGLAND 
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ROLLS-ROYCE 





HOMOCARB ELECTRIC 
GAS CARBURISING AT 


ROLLS-ROYCE 


W: are indebted to the Rolls-Royce Company for the 
above photograph of the Homocarb Electric Gas 
Carburising Furnaces at their Derby Works. 
Originally one single furnace was purchased, the present 
extensive installation having been built up following their 
| earlier experience. 
All over the world the name Rolls-Royce has become the 
Synonym for perfection in engineering production and 
their choice of I Homocarb Furnaces provides convincing 
evidence of 


PROVED EFFICIENCY 


Send now for descripuve literature or a Technical Reg resentative will vist you at your comvemence 





LEEDS [IN] NORTHRUP 
1] 


INTEGRA, LEEDS & NORTHRUP LTD. 
183 Broad Street, Birmingham, 15 


Phone: Midland 1453/4 Telegrams: Flometer, Birmingham 
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NICKEL ALLOY STEELS 


16 








On teas 


Out et wave 


2° 
Pvt Oren 


MOT ING F ANGE 


MARK Vi ENGINE DRIVEN PUMP 











ensure reliability in reciprocating units 


TYPICAL CORE MECHANICAL PROPERTIES OF 
Lockheed hydraulic pumps, made by the 


Automotive Products Company Ltd., Lea- ovary 
mington, have a world-wide reputation for 
reliability in the aircraft industry. They are VLU I 


used to actuate flying controls, landing flaps, ARE GIVEN BELOW: 


wheel brakes and underca rriages. Constructional 























| 
TL > . > uu | 
materials are an important factor in achieving SIZE HEAT TREATMENT Ba pines ELONGATION | izes 
reliability in the normal 1000-hour period of oom x 
operation during which, running at 3000 r.p.m., 1g” dia. Oil quenched 860°C 56-3 21-5 83 
the plunger operates 174,000,000 times. To Water quenched 770°C. } 
withstand the wear associated with reciprocating 3” dia. Oil quenched 860°C 47-2 20 92 
units, the three per cent nickel case-hardening | Water quenched 760°C | 
steel 4S15 (En33) is specified for the cylinders The benef be gained from the more highly alloyed case-hardening nickel 
steels, st EN 33 E N 34; EN 36 and EN 39 include ease of heat- 
treatment, mimmisation of processing distortion, and general reliability 







Please send for our publications entitied, ‘The Mechanical Properties of 
Nickel Alloy Steels’ and ‘The Case Hardening of Nickel Alloy Steels’ 


MOND NICKEL 


® THE MOND NICKEL CO LTO, THAMES HOUSE. MILLBANK, LONDON, swi 
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STAINLESS 


DERIHON 2: 24 
| 


SHEFFIELD & DARLEY DALE. 
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THE FIRTH-DERIHON STAMPINGS LIMITED 
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Copies Left- and Right-hand 
die halves simultaneously 
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AUTOMATIC HYDROCOPYING DIE SINKER 
MODEL KAB 250 


Fully automatic — roughing and finishing — this exceedingly 
robust bed-type machine copies 3-dimensional dies, without supervision, from 


wooden or plaster models. Both left- and right-hand halves of the die can 

be copied at the same time from the same master. 360 profiling can be performed 
at constant feed, without rotating circular tables, and on 

vertical contours. Servo hand contro! permits speedy roughing. The machine 

has two spindles; single- and 4-spindle machines are available also. 

Table size 130° « 25%". Spind 8) 42 to 2000 r.p.m. 

Copying feeds, steplessly va 5-75". Pick feeds -006" to +2”. 

Send for illustrated bre re MT/188 


SOLE U.K. DISTRIBUTORS 









DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel’ WESTERN 8077 (8 lines) feier 23182 Groms ACCURATOOL LONDON TELEX 
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Stainless Steel Strip 
Annealing Furnace 


The illustration shows a Furnace for 


continuous treatment of ferritic or 


austenitic steel strip. 

Installed at the Stocksbridge Works 
of Samuel Fox & Company Limited, 
Sheffield. 


PRIEST FURNACES LIMITED 


also at KELHAM 


LONGLANDS 


SLAND WORKS, SHEFFIELD, 3 


MIDDLESBROUGH 





We specialise in the design and 


mstruction of:- 


Open Hearth Furnaces 
Soaking Pits of ail types 
Continuous Multi-zone Bloom and 
Slab Re-heating Furnaces 
Continuous Bogie type Ingot and 
Slab Heating Furnaces 
Furnaces for Aluminium Melting 
oil Annealing and Slab Re-heating 
Forge and Heat Treatment Furnaces 
Stress Relieving Furnaces 
Shipyard Plate and Bar Furnaces 
Modern Lime Burning Kilns 


PRIEST 


The last word in 
Furnace demgn 
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setting a standard in DIECASTING with 


Edgwick Al6!1 Cold Chamber Machine 


Herbert-Reed-Prentice |}G Cold Chamber Machine 


EDGWICK 


Casting Capacity, Ib. 
Locking Pressure, tons 


HERBERT-REED-PRENTICE 


Aléll 
1} (Alum.) 8) (Brass) 
50 250 


B250T 


*HiZ 4G 2G 
Casting Area, sq. in. 327 79 179 
Locking Pressure, tons 250 250 400 


*Hot chamber type 


Stee 


Casting Capacity, oz. 12 
Casting Area, sq. in. 9 12 


We con offer auniliary equipment including bale-out furnaces 


MSSA HF 
6 


For further detars apply to 








We have acquired, over many years, 
considerable knowledge and experience 
of diecasting including the designing of 
machines and dies to meet the high 
standard required. We are therefore 
well qualified to advise on the most 
economical and efficient methods of 
production by diecasting We can 
arrange for our Specialists to visit your 
Works and discuss your casting problems 
and make suitable recommendations 
We welcome all enquiries 


AD 503 





ALFRED 
HERBER T LTO., COVENTRY ~— FACTORED DIVISION, RED LANE WORKS 














THE ‘ROLLMASTER' FORGING ROLL 


faster more accurate pre-forming 











Complete portability for maximum forge shop utilization 
° All steel fabrication - Totally enclosed transmissions in oil 
Exclusive : : ) | 
Double helical gearing for smoother drive, more power, longer life 
Pre-forming speeds match forging press production rates 
Features ete pees 


Extra rapid electric contro! 


Complete range from |\" to 5” square stock 


WILKINS & MITCHELL LTD. | DARLASTON | S. STAFFS | ENGLAND 


$93 Vogent 





: metal treatment 
cugust. 1960 . and Drop Forging 


o. 


Leave it to LANGLEY 


a 


DIE BLOCKS 
CLIPPING TOOLS 
BOLSTERS 
HAMMER TUPS 
HAMMER SLIDES 
PISTON RODS, ETC. 





& Telephone: BROadwell 1342 Gran 


Lan 


LANGLEY FORGE CO. ‘LTD. wceisea jets. omnes 


ang 
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Have you seen this yet? 


This new leaflet (V.60) shows how the revolutionary 
JETUBE radiant heating element brings a 
consistency of finish never before obtainable in fusing furnaces 
Copies are available from the Coatings Division 


of The Incandescent Heat Co. Ltd 





| ELEM DIESEL | COATINGS DIVISION 


THE INCANDESCENT HEAT CO. LTD., SMETHWICK, ENGLAND 
12 194 €0 
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ALL IN 
ONE 
Pree... 


TO DO THE JOB BETTER! 
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ey 
Thompson L’Hospied go to great lengths in the cause of heat 


treatment ! 


Look at this Hearth-plate—all 12 feet of it--straight and true 


{ without a join, without a flaw. The perfect casting, in the 
Hearth-piate cast in 
37 18 mickel-chrome right alloy, to do the job better. Another outstanding 
heat-resisting stee! ¢t } 
be used in Shaker i achievement by Thompson L'Hospied whose close association 
Hearth Furnace 


with the Furnace industry offers unique facilities for research 





and testing under actual conditions 





® 
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| Thompson L’Hospied 


?- 
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1 AND COMPANY LIMITED 
STOURBRIDGE ENGLAND 
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is your pet a hardened type? 





Do j lo $@é@ \ r pel] / h 
with soft spots and list } / think 
isly off ; rie BR ; 

Thi pre a or fn 
fenmperinege furnaces to corn ; 

hether it be fish hooks by ” 
the milleniun 

There are box, pit, elevator, p C belt, shake n 
some other rather special types of Bir irdening furnaces, 
electrically heated or gas fired on-scaling and 
non-decarburising atmosphere-control equipment and 
ilternative quenching arrangeme 

isk you pet typist to write to for n € information 

furnaces foi every heat freatiment 
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This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with research work and development in all these fields 


Status of the metallurgist 


Experimental forge furnace 


Metallurgy in nuclear power technology 2. Casting and 
working uranium and thorium J. C. WRIGHT, B.SC., PH.D., A.I.M. 


The metallurgy of nuclear power materials is developing on such a 
wide front and so rapidly that it is difficult for the non-specialist 
metallurgist to keep abreast with its scope. Dr. Wright outlines the 
subject in a series of articles 


Prespheroidizing 


Application of electron microscopy Investigation into the 
subgrain structure of high-purity aluminium DR. H. BICHSEI 


The subgrain structure of roll-hardened and annealed high-purity 
aluminium foil has been investigated by transmission electron micro- 
scopy. It is shown that a cell structure arising after polishing comes 
from local etch pits and is not directly connected with the subgrain 
structure 


Books 


The solidification of alloys A. KOHN AND J. PHILIBERT 
Minor heterogeneity in alloys is the direct result of the process of 
solidification. The work done during the last 10 years, notably in 
the field of the structure of metals in the liquid state, and of phase 
transformation phenomena, enables more precise explanation to be 
made 


Electrothermal stress relieving 


Fully automatic heat treatment 
Installation at British Timken’s Daventry Works 
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Precision ground and Centreless turned 











| Makers of Precision | 
é : 
- Ground Bars in many qual- 
© ities of Carbon and Alloy 
_ Steels to tolerances vary- 
© ing from -00025” to -001° 
+, as specified. = 
Centreless Turned and ~ 
Bright Reeled Bars are i 
"=, also supplied to limits © 
+ -004". “3 
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ENGLISH STEEL ROLLING MILLS CORPORATION 


imiuite 


River Don Works, Sheffield 


A wholly owned subsidiary of English Steel Corporation Ltd. 
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Status of the metallurgist 








the technologist as an individual of responsibility. There have been other ages and 

societies when the fabricator of metals was held in high esteem, and up to quite 
recent times in one Eastern society, the goldsmith was considered to be the equal of the 
highest caste. The fact that the technologist suffered an eclipse during recent European 
history should, perhaps, make us look to our laurels in this more favourable period. 


()* of the most outstanding changes in modern society has been the emergence of 


In his presidential address to the Institution of Metallurgists last May, Mr. W. E. 
Bardgett, research manager, The United Steel Companies Ltd., considered the importance 
of training, equipment and buildings in the standing of the metallurgist. On the subject of 
training he suggested that senior metallurgists should have an important voice in inter- 
preting the needs of the apprentice or trainee. Metallurgists had a responsibility to their 
juniors in providing every possible facility for expanding their activities and experience 
in a planned arrangement. The first two years of the school leaver should, as far as 
possible, be spent on a very general apprenticeship, moving from one department to 
another, to gain an idea of the scope of each branch of technology before finally deciding 
to adopt metallurgy as a career. 


It had to be accepted that organized training was as important for the graduate as for 
the junior metallurgist. One should aim for an ‘ apprenticeship’ period of about two 
years, at the end of which the graduate would decide whether his interests lie in research 
or in works metallurgy. The major portion of the training should be in the research 
laboratory under the supervision of senior metallurgists doing metallurgical work. He 
should, during his training, also have an opportunity to study the detailed activities of the 
works metallurgists in relation to works processes. 


Apart from the question of providing larger numbers of trained and qualified metal- 
lurgists to meet the present and future normal demands, Mr. Bardgett said that his 
general experience was that there was often a tendency to limit metallurgical effort in 
works laboratories to an undesirable low level. We had faith in the value of the contribu- 
tion which metallurgical science could make and a little empire building might, in certain 
cases, be justified. 


Referring to equipment, Mr. Bardgett said that the tools of the metallurgist were 
important from many aspects: it was on them that our contribution to training, quality 
of work, and in fact our standing as practical metallurgists largely depended. It was not 
always easy to justify expenditure on equipment, particularly when commercial con- 
siderations call for assessment of return. He instanced the example of the electron 
microscope and said that it had been with us for a long time and some people might be 
put off its use through the limited amount of useful information which had resulted, but 
the relatively recent advance in instruments and techniques had completely changed the 
picture. Our policy in the matter of equipment should be a bold one. First-class equip- 
ment, continued Mr. Bardgett, was incompatible with poor surroundings, and whilst 
it would seem obvious to say that our laboratories, dealing with fine work, should be 
clean, healthy and comfortable, experience indicated that the comment was not out of 
place. Maintaining or raising the standards of our environment was an important objec- 
tive. To have a laboratory of good design and well equipped, attracted not only more 
people to the profession but also a better type of person. 


Mr. Bardgett believed the profession could be enriched by a deeper appreciation of the 
importance of training, equipment and buildings. Whilst high standards might be 
available to some, a consciousness of maintaining them should have an important place in 
our minds. To those who were not so well placed, constant persistent endeavour to 
effect improvement should always be pursued. 
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furnace 


New installation at BISRA 


A FULLY-INSTRUMENTED experimental forge furnace 


has just been completed in the Energy Section of 


the British Iron and Steel Research Association, 
Battersea Laboratories, London. 

The furnace will be used to investigate the thermal 
efficiencies attainable in batch-type heating pro- 
cesses. It is designed so that the material of con- 
struction can be varied, as can the heating schedule, 
type of fuel and furnace load, recirculation and waste 
heat recovery techniques. 

The heat capacity of the chamber can be altered 
by the provision of two alternative roofs, one of fire- 
brick and the other of high-temperature insulating 
brick. Oil or gas firing is provided for by means of 
three burners firing tangentially above the ingot and 
two below. The effects of convection and radiant 
heating can be studied. 


Automatic temperature and flow control 

Comprehensive instrumentation allows calcula- 
tion of complete heat balances at short intervals 
throughout the heating cycles. The furnace tem- 
perature is measured by means of platinum 
platinum-rhodium thermocouples, and is indicated 
and recorded on a Honeywell ElectroniK recorder- 
controller. Integral in the instrument is a pneu- 
matic control unit which proportions a control 
signal between 3 and 15 Ib. sq. in. The output from 
this primary controller is applied to the set points of 
the gas, air and oil flow controllers. The oil flow is 
measured by means of a transmitting Rotameter 
and the flow controlled by a diaphragm valve. Gas 
and air flows are measured by orifice plates and the 
pressure drop transmitted by a differential con- 
verter to the flow controllers, which pneumatically 
operate butterfly valves in the pipelines. 

The primary temperature controller is pro- 
grammed to give the required heating schedules, 
the desired preset fuel-air ratio being automatically 
maintained by the secondary flow controllers. 

Over 80 thermocouples are embedded in the 
furnace walls and 12 within the 3-ton ingot. These, 
together with further thermocouples in the furnace 
chamber, flues, air ducts, recuperator and stack, 
will be used to calculate the distribution of heat 
during operation. All these thermocouple readings 
are continuously recorded on four Honeywell 12- 
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Experimental forge furnace and instrumentation panel at 
BISRA, Battersea Laboratories 


point strip chart recorders, in conjunction with 
switchgear. A digitizing system is applied to two of 
the temperature recorders so that the bulk of the 
information is recorded on punched tape to facili- 
tate direct calculation using a Pegasus computer. 


Pressure and waste gases 

In order to minimize the leakage of cold air into 
the furnace chamber a pneumatic butterfly valve is 
fitted in the stack and the pressure held close to a 
set point by means of a Honeywell pressure con- 
troller and the pressure is recorded continuously 
on an Evershed and Vignoles electric pressure 
recorder. 

The flue gases are continuously analysed. A 
Cambridge katharometer with a Honeywell strip 
chart recorder and an Infra Red Development Co. 
infra-red analyser are used to estimate carbon di- 
oxide, whilst a Kent paramagnetic analyser measures 
the oxygen content of the flue gases. 


Scientific equipment exhibition 
The Griffin and George Group of Companies, Ealing 
Road, Alperton, Wembley, Middlesex, held in July what 
is claimed to be one of the largest exhibitions of scientific 
equipment ever organized in the United Kingdom by 
one firm 

The equipment exhibited comprised not only the latest 
equipment developed by Griffin and George, but also that 
of over twenty manufacturers whose equipment is sold 
by Griffin and George (Sales) Ltd., in many instances 
throughout the world. Also, much interesting equipment 
from overseas was shown. 
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Metallurgy in nuclear power technology 


2. Casting and working uranium and thorium 


J. C. WRIGHT, B.Sc., Px.D., A.I.M. 


The metallurgy of nuclear power materials is developing on such a wide front 
and so rapidly that it is difficult for the non-specialist metallurgist to keep abreast 
with its scope. Dr. Wright, Reader in Industrial Metallurgy, College of Advanced 
Technology, Birmingham, outlines the subject in a series of articles which are 
appearing monthly in this journal 


CASTING URANIUM METAL. Remelting of the uranium 
biscuit resulting from the reduction process is 
necessary to eliminate impurities such as slag 
particles and hydrogen. The solid impurities tend to 
float out of the liquid metal and, since the melting 
is generally carried out under vacuum, gaseous 
impurities are greatly reduced. To consolidate 
metal which has been extracted from the hydride 
and electrolytic processes, the powder or crystals are 
first compacted and then melted. 

In a few special cases, the uranium billet pro- 
duced in the final extraction vessel is satisfactory 
for direct processing, but fuel elements made this 
way contain hydrogen picked up during the extrac- 
tion process. A better result is obtained by re- 
melting and vacuum casting. Most uranium cast 
in this way is melted in a high frequency electric, 
bottom-pouring type of crucible furnace. The 
heat is generated normally in a graphite crucible 
by means of an induction coil outside the vacuum 
vessel. At the casting temperature of 1,200-1,300°C. 
(uranium melts at 1,130°C.), a stopper in the 
bottom of the crucible is pushed up so that it floats 
on the melt. The metal flows through the tap hole, 
usually 300-500 Ib. charge, via a launder to a billet 
mould below (fig. 3). The whole assembly is 
maintained under vacuum; high vacuum for special 
cases, but for most purposes a pressure of 0-5 mm. 
Hg is satisfactory. The vacuum process removes 
considerable metallic and non-metallic inclusions. 
Any oxide and fluoride present floats to the top and 
the hydrogen content is reduced to about 2 p.p.m. 

The process can be applied to casting simple 
shapes, including fuel rods, direct, without going 
through a mechanical working procedure. It is 
possible to confine the solidification pipe to the top 
3 in. of a 29 in. by 1} in. diameter bar. Inclusions 


are minimized by the addition of a small amount of 
magnesium to the initial charge. 

Vacuum melting and casting in a molybdenum- 
wound resistance-heated furnace has been achieved, 
using a tilting furnace and steel or graphite moulds. 


Typical analyses of variously produced uranium 
are given in Table 3. Tie purities are adequate and 
no materials with high thermal neutron absorption 
properties are present. 

Heavy uranium ingots weighing 1,200 Ib. can 
be made by melting in an open H.-F. induction 
furnace. The metal is melted under an argon 
atmosphere and covered with a BaCl,/CaCl, flux as 
it melts and during pouring. Graphite or MgO 
crucibles and graphite tundishes are used and a 
recovery of 91-95°., is claimed.* 

H.-F. melting with a graphite crucible, which 
acts as a susceptor as well as a container, and lip- 
pouring into a mould, the whole assembly being 
in a vacuum or inert atmosphere tank, has also 
been used. 


Mould materials and crucible materials. Uranium 
is usually melted in graphite crucibles suitably 
coated to avoid carbon pick-up. The most popular 
coatings are magnesia and alumina. Common 
electrode graphite is easily machined to any required 
crucible shape. It does react with uranium to form 
a carbide, but the reaction is slow below 1,600°C., 
and the amount of carbon likely to be introduced at 
lower temperatures is not likely to be serious in 
commercial quality metal. Lime crucibles are in 
use for melting super-purity uranium. Uranium 
oxide, beryllia, zirconia and thoria are also non- 


*G. W. P. Rengstorff and H. W. Lowire, Metal Progress, 
1957, 72 (3), 76 
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reactive but they are all expensive and very brittle 
which makes them commercially unattractive. 


For mass production of simple shapes the most 
satisfactory mould material is mild steel protected 
by a refractory dressing, preferably alumina, which 
also acts as a thermal barrier during solidification 
and prevents cold shuts. Very high-quality casting 
surfaces and close limits of accuracy may be 
obtained. Graphite is an alternative mould material. 

Casting and ingot quality. The high sp. gr. of 
uranium assists feeding of castings and, if top 
feeding is used, less feeding metal is required than 
for most metals. Casting of 1 in. dia. bars can be 
arranged so that metal flows into the mould at a 
rate which keeps pace with the solidification so that 
feeding takes place continuously during freezing. 
Uranium has a low latent heat of fusion and it 
solidifies rapidly and there is little chance for 
oxidation once it is in the mould when using non- 
controlled atmospheres. 

Simultaneous arc melting casting. This is a pos- 
sible competitor to the vacuum high frequency 
electric furnace. Two types are possible: (1) Non- 
consumable electrode (tungsten) in an argon 
atmosphere or vacuum electric arc furnace; and 
(2) consumable electrode of uranium in an argon 
atmosphere or vacuum electric arc furnace (fig. 8). 

The former is not suitable for large ingots because 
the degree of control over the arc is insufficient to 
ensure freedom from tungsten contamination but 
it may be used for laboratory heats. 


The consumable electrode method uses either 
cast or worked bar or assembled powder compacts 
as the electrode. Both methods produce simple 
shapes by feeding from the arc direct to a water- 
cooled copper mould. The limitations are: (1) Only 
simple shapes can be cast; (2) a large machining 
allowance may be needed; (3) it is necessary to start 
with an electrode made from an alloy or mixture of 
the composition required; (4) since the mass of 
metal molten at any time is small, there is little 
opportunity for removal of volatile solids or floatable 
impurities ; and (5) remelting is usually necessary to 
improve the homogeneity of the alloy. 


Fabrication (general) 
Fabrication may be carried out on cast or powder 
compacted uranium. The problems concerned are 


TasLe 3 Analyses of uranium metal (in p.p.m.) 
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8 Schematic diagram of a consumable-electrode 
arc-melting furnace (USAEC Report BM1/1142) 

1, — terminal to rectifiers to electrode controller. 3, Electrode 
drive. 4, Electrode guide. 5, Water-cooled copper electrode. 6, Con- 
sumable electrode. 7, Vacuum flange. 8, to rectifiers. 9, to 
electrode controller 10, Water outlet 11, Electromagnetic coil 
12, Water inlet. 13, Starter charge. 14, Copper crucible. 15, Water 
outlet 16, Insulating ring 17, Furnace shell 18, Sight glass 
19, Threaded adapter 


> 


dominated by the high reactivity of uranium and 
its alloys. They are oxidized easily and also attack 
container and die materials readily. Much fabrica- 
tion requires a high temperature and, to avoid 
atmospheric reaction, either a vacuum or protective 
atmosphere is required. This is particularly so 
with powder metallurgy methods which are attrac- 
tive in the handling of reactor fuel materials; but 
their extreme reactivity, together with the large 
surface areas of the powders, requires the processes 
to be meticulously controlled. Press capacity limits 
the size of fuel element which can be made readily 
by conventional powder techniques, and this has led 














Uranium c N oO Al Ca Cr! Cu Fe Mg | Mn | Ni Si 
Mg—reduced 8-13 19 — 5 20 $13 20 15 1 10 15 
Ca—reduced . ‘ 20-50 50-200 5-10 50-100 
Mg — reduced, remelted, 

graphite. ; ; 240-295 10-16 | 6-16 10 20 ats 30 0-5 2 15 15 
Ca — reduced, remelted, 
alumina . . _ 40 7 16 | 20 — 53 28 5 8 5 10 
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to work on hydrostatic pressing which is being 
developed to include hot pressing. 

Uranium in ingot form may be fabricated into 
useful shapes by most of the conventional metal- 
lurgical forming operations—forging, swaging, roll- 
ing, extruding, drawing, etc. These operations can 
be carried out either cold or hot but preferably 
below 600°C. Extrusion in massive form requires 
higher temperatures. During hot working, suitable 
precautions must be taken to prevent contamination 
of the uranium and reaction with air at elevated 
temperatures. This may be accomplished by using 
salt or oil baths or inert atmospheres during heating 
for forming, and during subsequent annealing if this 
operation is included. 

Fabrication of uranium shapes may be accom- 
plished by either welding or brazing, although the 
methods are not entirely satisfactory. Special pre- 
cautions are required to prevent oxidation of the 
uranium. Most of the commercial brazing materials 
alloy with uranium to form brittle intermetallic 
compounds at the brazed joint. This does not give 
a metallurgically sound joint and may be prevented 
to some extent by first electroplating the uranium 
with silver or nickel. 

Shaping uranium by conventional machining 
methods is relatively easy. Owing to the pyrophoric 
and toxic characteristics of uranium it is essential 
that a suitable lubricant be used. If machining is 
done dry, adequate atmosphere exhaust facilities 
are necessary. 


Deformation characteristics of uranium 

Deformation of uranium up to 450°C. takes 
place mainly by twinning and work hardening 
occurs. Over this temperature range, a preferred 
orientation, (010), is developed in the material, 
along the major axis of working. 

At higher temperatures the twinning mechanism 
is replaced by a slip mechanism and at the same 
time annealing and recrystallization become pos- 
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sible. As the working temperature is increased 
above 450°C. a dual texture develops with both 
(010) and (110) planes in the direction of working 
and as the working temperature increases towards 
600°C. the (110) direction become dominant. 
Uranium may be hot worked in this range and the 
metal gets progressively softer as the temperature 
is raised. The minimum recrystallization tem- 
perature for heavily cold worked uranium is about 
425°C. 

In the $-phase, 660-770°C., the forces required 
to hot work the metal are two to three times as 
great as at 650°C., and the ductility is substantially 
less. Over this range, the worked uranium distorts 
by a slip mechanism. In the y-phase above 770°C., 
the structure of uranium is B.C.C.; it is too soft and 
plastic to retain its shape properly in many types of 
forming operation unless supported. However, 
extrusion may be carried out conveniently and with 
relatively little power in the y-state. The variation 
in the hardness of uranium is shown as a function 
of temperature in fig. 9. 

Phase transformations should be avoided in 
hot working uranium. If a phase transformation 
occurs in uranium during deformation, there will be 
a tendency for it to break up because of the severe 
stresses created by volume changes during the 
transformation superimposed on the working 
stresses. 


Preheating for working 

Uranium reacts increasingly with air as the 
temperature rises but many working operations 
can be carried out without protection from oxida- 
tion. This applies to operations such as rolling and 
die forging which may be carried out rapidly in the 
high « range and in which the die or roll pressure 
compacts the initial porous oxide film into a dense 
protective layer. 

Protection during preheating is general, however. 
The salt bath is the most convenient medium and 
eutectic lithium and barium carbonates or lithium 
and potassium carbonates have been found generally 
suitable. 

When a salt bath is inconvenient it is necessary 
to provide a controlled atmosphere and the most 
convenient way is to use metal containers for the 
billets in a conventional furnace, maintaining 
atmospheric control within the container only 
(argon, helium, vacuo). 

Uranium work hardens readily and has to be 
inter-stage annealed if the rolling temperature 
drops in hot rolling and always in cold rolling. Time 
in salt baths is minimized as much as possible to 
avoid hydrogen pick-up which would reduce 
ductility. During hot working, the salt stays molten, 
adheres to the bar surface and protects it from the 
air. 
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Rolling 

Rolling is carried out in the «-phase between 400 
-600°C., because below 400°C., «-U work hardens 
too rapidly, and above 660°C. the {-phase is too 
brittle. If, however, material which has been well- 
rolled previously in the high « range is allowed to 
rise in temperature until it enters the 6-range, 
rolling may continue. Above 770°C., in the y-phase, 
uranium rolls readily but is too soft for bars to be 
handled readily owing to their high density and 
low resistance to deformation. Méaterial rolled at 
high speed in the «-phase tends to heat rapidly 
during rolling, due to friction, both internal and 
between rolls and stock, caused by the large force 
required to accelerate this high density material. If 
temperature control is not important, this elimi- 
nates reheating but if a controlled structure is 
required it is essential to return to the heating 
furnace to equalize at a constant temperature. 

Conventional steel rolling mills are satisfactory 
for producing uranium bar in the «-range, round 
pass type rolls being preferred because of the 
importance of compacting the oxide film and also 
because uranium has little tendency to spread. The 
average reduction is about 15°, per pass. 

Rolling of sheet or strip can also be done, 
although the greater ratio of surface area to volume 
in sheet compared with bar renders temperature 
control and inhibition of oxidation more difficult. 
Where thin sheet or strip is required, it is con- 
venient to start by enclosing the uranium in a less 
readily oxidizable metal (e.g. Ni, using graphite to 
prevent alloying). After reduction to about 0-05 in., 
the uranium is removed from the protective metal 
and further reduced by cold rolling and annealing, 
or by pack rolling and annealing. Uranium 0-0005 
in. thick may be produced in this way. 


Forging 

This is quite straightforward at temperatures 
near 600°C. The metal must be protected against 
oxidation during preheating but can be forged 
bare. Pressing can be carried out in the y-phase at 
temperatures 800-1,000°C. The major problem 
here is the same as that for extrusion in the y-phase, 
that of finding suitable die materials. 

Uranium may be heated to forging temperature 
in a salt bath and water-quenched after forging to 
prevent further oxidation. 

Swaging of uranium is a convenient way of 
producing small rods down to about 0-05 in. dia. 
Swaging is best carried out in the 2-range around 
560°C. and 10-20°,, reductions per pass are usual. 
In cold swaging uranium, it may be necessary to 
anneal after 30-40", reduction. 


Extrusion and drawing 
Extrusion is usually carried out in the y-phase at 
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800-950°C., when the low resistance to deformation 
is an asset in keeping the loads on dies and con- 
tainers to a reasonable limit. Vertical extrusion is 
used when bending of the weak hot section becomes 
a serious disadvantage of the horizontal process. 

Initially, uranium extrusions were carried out by 
canning the billet and extruding an integrally 
canned bar. If canning material can be left on the 
bar this process may be satisfactory but its removal 
by dissolution is tedious. 

Since uranium tends to alloy rapidly at extruding 
temperatures with iron, cobalt, nickel and their 
alloys a principal difficulty is the preservation of 
extrusion dies. Chromium plating and heavy 
lubrication by graphite has been used. Addi- 
tionally, sintered or cemented carbide dies, which 
are very hard, do not alloy with uranium, but the 
rough handling they receive is very detrimental. 
The most satisfactory material for extrusion dies 
so far has been stellite (45-60°,, Co, 25-30°,, Cr, 
3-14°,, W, 24% C). This can be laid down by 
fusion on a steel base and cut to form a die. In spite 
of its high cobalt content it is found satisfactory in 
practice, due probably to the extreme hardness of 
stellite preventing deformatiy : which may promote 
alloying. 

Heating for extrusion again uses the salt bath 
technique, a eutectic mixture of lithium and 
potassium carbonate being employed. The speed of 
extrusion after soaking is usually sufficiently high 
to avoid excessive process oxidation. 

The metal extruded as y-uranium has a very 
heterogeneous and large grain size, and no charac- 
teristic orientation. 

If reaction between uranium and extrusion dies 
becomes too intense, the extrusion temperature may 
have to be lowered and extrusion carried out in the 
top of the «-range, 300-600°C. This results in a 
finer grain size than that for y-extrusion, and large- 
scale «-extrusion has been carried out. 

Tubes and other shapes can be made by extrusion, 
but die wear and lubrication are serious problems. 
Tube shells have been made by rotary piercing in 
the y-range. 

Drawing. Uranium wire and tube can be cold 
drawn, or warm drawn at about 150°C., but 
lubrication is important. A mixture of lacquer, 
molybdenum disulphide and fumed lead-zinc oxide 
die lubricant has been used by spraying or brushing 
on and allowing to dry. Tungsten carbide drawing 
dies are preferred for their abrasion resistance. 


Welding and machining 

Uranium can be Argonarc welded provided the 
pieces are free from scale to start with and a nitric 
acid dip can be used as a final cleaner prior to 
welding. Since molten uranium is very fluid, 


adequate support must be provided and weldments 
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backed up with chill plates. Direct current with 
the electrode negative is normal welding practice. 

Machining. By taking deep rapid cuts with very 
sharp hard tools, the work hardening of uranium 
during cutting may be minimized. Also, advantage 
can be taken of less rapid hardening and lower 
strengths at temperatures in the range 150-200°C. 
The chips as they separate from the metal must be 
completely covered in coolant to prevent combus- 
tion. Carbide-tipped tools are used for most 
machining operations. 


The effects of alloying additions on fabrication 

The fabrication of uranium-rich alloys differs 
from that of the pure metal only by the extent to 
which the alloying element modifies the three allo- 
tropic forms of uranium. No elements having wide 
solid solubility in «-uranium have been found, 
therefore, in general, the degree of hardening 
caused by the second phase in «-uranium governs 
the extent of deformation. 

As far as is known, there are no elements which 
make the fabrication of the §-phase any more 
feasible than in the pure metal. 

There are a number of elements, such as Mo, Zr, 
Nb, Vd and Ti which have fairly extensive solid 
solubility in y-uranium. In such cases, feasibility 
of working above 770°C. is increased since the 
uranium is stiffened and is more handleable at high 
temperatures. In some instances, the 4/y transition 
temperature is lowered by alloying and it then 
becomes possible to fabricate in the B.C.C. phase 
below 770°C. With some alloys (U + 6 to 15°,, Mo) 
it is possible to retain the y-phase in a metastable 
state at room temperature and cold working of the 
B.C.C. phase is then possible. 


Inspection 

Inspection and testing of fuel element stock for 
power reactors at important stages of manufacture 
have the following major functions. (1) Elimination 
of material possessing discontinuities which block 
heat flow; (2) eliminating paths for escape of 
fission products; and (3) assurance of proper size 
and amount of fissile material. 

After cladding fuel elements, the cladding must 
be defect free to prevent leakage of fission products, 
to restrain distortion of the uranium as much as 
possible and to eliminate direct fuel to coolant 
contact. 

Eddy current testing may be used for checking 
thickness and soundness of cladding; scintillation 
counters for measuring cladding thickness; radio- 
graphy for inspecting end closures and for locating 
the core in the cladding; radiation techniques to 
determine the homogeneity of the core and the 
amount of fissionable material in the core; ultra- 
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sonics to test the bonding, cladding thickness, grain 
size and flaws. 


Powder metallurgy of uranium 

Production of uranium powder. There are four 
basic methods of producing uranium powder: 
(1) Hydrogenation of uranium chips; (2) sodium 
reduction of uranium tetrachloride in the vapour 
phase; (3) the reduction of uranium oxides with 
calcium or magnesium; and (4) the electrolysis of 
molten uranium salts. 

If hydrogen is passed over uranium at 225°C. 
the trihydride, UH,, is formed. This falls from the 
uranium as 5-10. powder. The hydride decomposes 
in vacuo at 300°C., to give a similar-sized uranium 
powder, but both reactions can be accomplished 
almost simultaneously by allowing the freshly- 
formed hydride to fall into eutectic sodium- 
potassium alloy at a suitable temperature. It is 
not easy to remove the uranium cleanly from the 
liquid metal but this is done by pressure filtering 
and finally cleaning with butyl alcohol. The purity 
of the resulting uranium powder, apart from the 
liquid metal contamination, depends on the purity 
of the original uranium chips and of the hydrogen. 

In the second method, uranium tetrachloride and 
sodium vapours are sublimed from separate vessels 
in a reaction chamber at 850-880°C. Uranium and 
sodium chloride precipitate from the reaction. The 
sodium chloride can be distilled off or leached with 
ethylene glycol. 

The direct reduction of uranium dioxide with 
calcium or magnesium involves mixing the oxide 
and the reductant and heating the charge under a 
protective atmosphere to about 980°C. The mass 
reacts and uranium powder is separated from the 
reaction cake. 

The thermoelectrolytic extraction of uranium 
normally results in a free crystalline form of 
uranium. 

Particle sizes and shapes. Calcium-reduced UO, 
yields uranium powder mainly of 10-17, size with 
about 30°, below 10u. Magnesium reduction 
yields mainly 5-10. powder. Hydride uranium is 
mainly about 5u and up to 10u, but tends to agglo- 
merate. The pyrophoricity of uranium powder 
depends largely on its surface area to volume ratio. 
Spherical powders are much less pyrophoric than 
fluffy powders. Generally, the latter make the most 
easily handled green compacts and spherical pow- 
ders tend to make the densest sintered compacts. 

Compacting. For high green strength, particles 
must interlock during compacting. Interlocking 
powders are either dendritic, such as those resulting 
from thermoelectrolysis, or porous, consisting of 
chain-like agglomerates. For cold compacting 


spherical powders, green strength is sometimes 
boosted with a binder such as paraffin wax, but 
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some binders are difficult to remove without con- 
taminating the compact. Cold pressing of uranium 
spherical powders produces a handleable green 
compact without a binder. The particles are heavily 
deformed and any oxide skin is usually sufficiently 
broken for some cold welding to take place. 


When cold pressing is the method of producing 
a compact for subsequent sintering, a pressure of 
60-65 ton sq. in. may be used. 


Sintering. The most economical method of 
producing uranium compacts, provided a density 
of not more than 18-5 will suffice, is by sintering 
cold pressed powder at 1,110-1,120°C. for 4h. A 
higher temperature is too close to the melting point 
of uranium (1,130°C.) for safety and longer times 
result in a markedly coarsened grain size. The 
average grain size is 200u and the grains are com- 
pletely randomly oriented. 

Another method involves a light pressing opera- 
tion in the green stage, about 30 ton/sq. in., a 
moderate sinter giving a density of up to 17-5; and 
re-pressing the sintered compact cold at 175 ton/sq. 
in. This operation is followed by an anneal which, 
since the re-pressing imposes considerable cold 
working, results in recrystallization. Some voids 
are also diminished during annealing. The final 
compact has a density of about 18-5. 

Hot pressing and hot compacting. Hot pressing of 
green compacts and hot compacting of the original 
uranium powder both yield densities approaching 
the theoretical (19-1). Hot pressing will produce 
small grained randomly oriented uranium. If a 
wax binder is incorporated in the green compact, 
care must be taken to allow the binder vapours to 
escape or voids will occur giving low densities. At 
the same time the wax vapour forms a protective 
atmosphere. A two-stage operation may be used for 
this. For example, the wax may be vaporized while 
the compact is under 4 ton sq. in. at 350°C. This 
is followed by 10 ton sq. in. at 750°C. 

Good vacuum during the final stages is necessary 
for hot compacting of powder and it is necessary for 
the powder to be free from oxide and slag. 

The rate of densification falls off as the compact 
is heated from the alpha into the beta region 
because %-vranium is less plastic than z-uranium. 

It is possible to achieve densification of uranium 
powder in all phases, without prior consolidation, 
by direct extrusion of the powder. 


TABLE 4 Typical composition of monazites °, 
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Alloying by powder metallurgy. Powder-metal- 
lurgy methods of making uranium alloys are asso- 
ciated with such high recoveries that they are very 
important for making alloys of enriched uranium, 
even when conventional melting and casting 
methods are feasible. Uranium alloys are made 
either by mixing the elemental powders and hot 
compacting or sintering, or by direct reduction of 
the oxides of the constituent metals with calcium. 

Bonding of uranium powder compacts. Powdered 
uranium compacts may be strongly bonded to 
zirconium sheet by hot pressing at 360°C. for 10 h. 
Compacts may be bonded to aluminium sheet by 
pressing for 1 min. if the compact is thoroughly 
heated to 550°C. Not all metals or alloy mixtures 
can be compacted around massive uranium because 
if the compacting temperature exceeds 800°C. 
grain growth of uranium is excessive. 


THORIUM 


Thorium is important in reactor technology 
because it might be used as a ‘fertile’ material for 
the production of nuclear reactor fuel. The thorium 
232 isotope on neutron irradiation can be converted 
to uranium 233 which is fissile and consequently 
far more valuable than the original thorium. 


Sources of thorium 


Thorium minerals are very stable and tend to be 
released from igneous rocks by erosion and weather- 
ing, being transported and redeposited substantially 
unchanged. Monazite sands are placer deposits 
formed in this way and are commercial sources of 
thorium. The best deposits of monazite are in 
Brazil and India and there are sizeable deposits 
in the Dutch East Indies, South Africa, the Ural 
range and the U.S.A. (Table 4). Monazite sands 
are essentially orthophosphates of the rare earths, 
thorium and uranium; and the monazite is 
naturally associated with normal silica sands and 
gravel. Dressed monazite may contain as much as 
15°., thorium and monazite sands are capable of 
enrichment by magnetic separation and gravity 
concentration methods. 


Extraction of thorium 


The first stage in extracting thorium from mona- 
zite concentrates is the digestion of the sand to 
produce a water soluble product by the action of 








India Brazil U.S.A. (Idaho) 
Total oxides 63-2 68-1 68-9 
Tho, 9-4 6-5 3-95 
CeO, 28-5 rh 29-2 
U,0, 0-37 0-18 0-15 
P.O aon ee 26-0 28-5 
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either hot concentrated sulphuric acid or hot con- 
centrated sodium hydroxide solution. 

Leaching with concentrated sulphuric acid at 
200-230°C. for about four hours in autoclaves yields 
a pasty mass which is then diluted considerably 
with cold water. This gives a solution containing 
the bulk of the rare earth and thorium sulphates, 
collectively known as monazite sulphate which may 
be decanted from the coarse, undigested sand and 
fine silica sludge. The reaction as far as the thorium 
is concerned may be represented as Th,(PO,), + 
6H,SO, -» 3 Th(SO,), + 4H,PO,. 

The treatment of monazite sulphate solution to 
yield its components may be by precipitation after 
adjusting the pH, by fractional crystallization or 
by selective solvent extraction. If the pH of the 
solution is adjusted to about 1-0 by neutralizing 
with ammonia, a precipitate of thorium and rare 
earth phosphates and sulphates occurs which may 
be filtered off. This mixture may be redissolved 
and sparingly soluble thorium sulphate precipitated 
from a sulphate-excess solution which retains the 
relatively soluble rare earth sulphates. 

Alternatively, the thorium concentrate may be 
redissolved in nitric acid and treated with tributyl 
phosphate as a selective solvent. This extracts the 
thorium compounds almost free from rare earth 
contamination. There are several variations of the 
solvent extraction method employing tributy! phos- 
phate, depending on the starting solution, and 
whether the solvent is used as a first stage stripping 
process or as a refining process. However, the 
capital and labour costs of solvent extraction are 
generally attractive and most of the solvent can be 
recycled. 

Other methods of selecting thorium compounds 
include precipitation of the rare earth carbonates 
from a neutralized acid solution leaving thorium 
in solution as a soluble complex, Na,Th(CO,),; 
precipitation of thorium iodate from strong nitric 
acid solution, precipitation of thorium oxalate from 
acid solution, and other special precipitates, these 
processes having limited commercial value. 

If boiling concentrated caustic soda is used to 
leach monazite sands, the metal phosphates are 
converted to insoluble metal hydroxides and soluble 
trisodium phosphate. The reaction may be repre- 
sented as Th,(PO,), 12 NaOH -- 3 ThO, + 
4 Na,PO, + 6H,O. The fine sand is treated for 
about three hours at 140°C. with 45°, caustic soda. 
The insoluble hydroxides are filtered off hot and 
dissolved in hydrochloric acid or nitric acid and 
extraction of thorium from that solution follows 
similar lines to the methods used in the entirely 
acid extraction process. 

The thorium recovery processes mentioned yield 
the thorium in various forms in solution or as a 
precipitated compound. Following this stage the 
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thorium is usually required in the oxide form. The 
purest oxide results from calcining thorium oxalate 
precipitated from a nitrite solution with oxalic 
acid but the latter is expensive. Precipitation of the 
hydroxide by ammonia, drying and igniting the 
precipitate again to thoria is an alternative, cheaper 
from the point of view of reagents but more difficult 
to filter. The cheapest and preferred route is 
evaporation of a nitrate solution and igniting the 
solid nitrate to oxide. 

Non-hygroscopic double fluorides containing 
thorium can be prepared by wet chemical methods 
without going through the oxide stage. Thorium 
chloride, on the other hand, is generally prepared 
dry because it is hygroscopic and difficult to handle. 
Thoria is used and is chlorinated in the presence of 
carbon at 800-900°C. The most economical route 
at present appears to be the carbonization of a 
thoria/starch mixture at 850°C. to give a very 
intimate mixture of thoria and carbon which is then 
exposed to chlorine gas at 900°C. The reactions 
involved are :— 

ThO, + 2C + 2Cl, + ThCl, + 2CO 
Tho, + C+ 2Cl, -- ThCl, + CO, 


Reduction of thorium compounds 

Thorium metal, because of its reactivity at ele- 
vated temperatures, particularly with the atmo- 
sphere and with containers, and its high melting 
point, 1,750°C., is difficult to isolate from the 
available compounds. Most of the extraction 
methods yield a powder or granular product and 
are followed by powder metallurgy processes to 
produce workable metal shapes. 

In general, thorium can be prepared from thorium 
halides by reduction with reactive metals such as 
sodium, calcium and magnesium or by the elec- 
trolysis of a halide in a fused salt bath. Thorium 
oxide may also be reduced by calcium and, finally, 
thorium can be refined by the Van Arkel mcthod 
which makes use of the reversible reaction of iodine 
with thorium in the vapour state. 

Reduction processes. Calcium, magnesium and 
sodium are all feasible reductants for thorium 
chloride. The magnesium reduction offers certain 
advantages over the use of calcium for large-scale 
operations since it requires less magnesium per 
pound of product an. magnesium is obtainable 
cheaper and purer than calcium. On the other hand 
the magnesium process requires a high quality 
thorium tetrachloride while the calcium process 
will tolerate higher oxygen contents in the tetra- 
chloride for a given quality of thorium produced. 
The magnesium process tends to give rise to 
ThO, and ThOC], contamination. The reduction 
processes are carried out in a pressure vessel and 
yield a powder or sponge metal product. 

Thorium tetrachloride can also be clectrolysed 
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in a fused salt bath to yield a granular thorium 
product. Sodium and potassium chloride eutectic 
is added to the electrolyte to depress the melting 
point. The operation is carried out in a carbon- 
lined vessel, the carbon acting also as the cathode, 
or in a silica vessel with a molybdenum cathode 
(fig. 10). During electrolysis, chlorine is liberated 
and this protects the melt, but during charging dry 
argon is used to protect against oxidation. The 
exclusion of oxygen and moisture is essential since 
thorium oxychloride gives rise to sludgy non- 
adherent thorium deposits of fine particle size, 
difficult to separate from the electrolyte and of high 
oxygen content. The cell is operated at 700-800°C. 
The thorium deposit consists of a cake of coarse 
thorium powder, chloride salts and fine thoria 
particles. It is agitated in water to leach out the 
salts, thus freeing the powder which is washed, 
separated and vacuum dried. The purity of 
thorium produced in this way is better than 99-8° ,,, 
the major impurity being chlorine. 

A fused electrolyte of thorium fluoride and 
sodium and potassium chloride also yields thorium 
in powder or granular form but thorium fluoride 
is usually reduced pyrometallurgically by calcium 
in the Ames process. This is a thermal reduction 
using a mixed charge of thorium fluoride, calcium 
metal and anhydrous zinc chloride. After ignition, 
by placing the vessel fully charged in a furnace, the 
reaction proceeds spontaneously to yield thorium, 
zinc, calcium chloride and calcium fluoride all in 
the molten state. In fact, the vapour pressure of 
zinc at the reaction temperature is high, necessitating 
the use of a closed pressure vessel lined with dolo- 
mitic or calcium oxide. The heat of reaction be- 
tween the zinc chloride and calcium boosts the 
overall reaction and the liberated zinc alloys with 
thorium to give a lower melting point phase. The 
metal and slag readily separate and solidify con- 
veniently in layers, the combination of calcium 
fluoride and chloride being fluid at reaction tem- 
peratures. The thorium is separated from the zinc, 
after separating the solidified metal and slag, by 
distilling off the zinc in vacuo. This yields thorium 
sponge which may be melted in a high-frequency 
furnace under vacuum and cast into a graphite 
mould, also under vacuum. 


Methods of reducing thorium dioxide by calcium 
have been used for many years. Thoria, up to 50°, 
excess calcium metal, and calcium chloride, are 
heated together in a closed steel pressure vessel for 
about | h. at 1,050°C. This yields thorium powder 
which may be released from the subsequently cooled 
and solid charge by leaching out the calcium oxide 
and chloride and excess calcium. The metal powder 
is washed and dried with the minimum exposure to 
oxidation and then compacted and sintered at 
1,300°C. to give solid ductile thorium of 99-7° 
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purity. The calcium chloride used in the reduction 
process acts as a flux and the amount used is fairly 
critical for a good yield of thorium unless a large 
excess of calcium is used. 

Until the development of nuclear power tech- 
nology few attempts had been made to extract 
thorium metal on anything but a very small scale. 
The early requirements of the nuclear power pro- 
gramme for thorium are still small and consequently 
it is not possible at this stage to predict the most 
economical route for the extraction of thorium from 
a given ore. Nevertheless, a variety of techniques 
have been developed in anticipation and it should 
not be difficult to combine various sections into an 
economical whole. 


Refining and casting thorium 

Bomb reduced thorium may be compacted and 
vacuum melted in a thoria or beryllia crucible 
giving marked reductions in oxygen, hydrogen and 
nitrogen contents and more homogeneity. The 
hydrogen is pumped off as the result of hydride 
decomposition and oxides and nitrides tend to be 
floated out of the melt. If a graphite mould is used 
for casting, slight surface contamination of thorium 
carbide results on the ingot. This may be removed 
by pickling with dilute nitric acid and sodium silico- 
fluoride solution. The high melting point of 
thorium and its reactivity towards refractories 
presents a number of melting problems. Alumina, 
magnesia and lime are attacked rapidly by molten 
thorium. Thoria is resistant but tends to con- 
taminate the melt with oxide and is very susceptible 
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to thermal shock. Zirconia has been successfully 
used but is increasingly attacked as the crucible 
temperature exceeds the melting point of thorium. 
Beryllia has been found to be very satisfactory in 
that it has a comparatively good thermal shock 
resistance and adequate strength at high tempera- 
tures. It resists attack by molten thorium at 1,800°C. 
and may be used for short periods at 1,950°C. 

For laboratory melting the use of a tungsten arc 
lirected on thorium on a water-cooled copper 
yearth under an atmosphere of helium or argon is 
suitable. This method is limited by the small 
amount of metal which may be loaded into the 
furnace and melted into one pool; a matter of 100 g. 
or so. The extension of this method to the use of 
consumable electrode arc melting is applicable to 
thorium on a much larger scale. In this method 
thorium sponge or other suitable material is 
fabricated into an electrode which replaces the 
inert tungsten electrode and this is fed gradually 
into the furnace holding the inert atmosphere. The 
disadvantages of the arc method are that at inert 
atmosphere pressures low enough to get effective 
degassing and appreciable refining, the arc is 
unstable; additionally the melting effect is very 
localized so that homogeneous melting is impossible. 
The latter difficulty may be overcome to some extent 
by melting the first consumable electrode to form an 
electrode shape which can be remelted to form an 
ingot. 

Finely divided thorium or massive thorium cut 
into chips may be refined by the iodide, Van Arkel 
process. This is a small-scale batch method very 
similar to that described for uranium. Thorium 
tetraiodide, produced as a vapour by the reaction of 
iodine vapour on the small thorium pieces or par- 
ticles, is thermally decomposed on a hot thorium 
wire filament to produce thorium of a very high 
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grade, containing 0-02°,, carbon and less than 
0-01°,, of oxygen and nitrogen. The reaction 
between thorium and iodine takes place at 400°C., 
and is reversed near the electrically heated hot wire 
at a temperature of 1,700°C. The iodine released is 
able to repeat the cycle. The major difficulty in 
extending the scale of this process is in keeping the 
wire at temperature as its cross-section builds up 
as the thorium deposits. The reaction vessel is 
normally made from heat-resistant glass and a 
typical starting size for the filament would be 
115 cm. long by 0-64 mm. dia. Before starting the 
reaction the complete charged apparatus has to be 
outgassed for some 24 h. at 500°C., during which 
time the iodine is refrigerated. 


Fabrication of thorium 


The amount of work required to deform thorium 
mechanically even in the cold state is not great in 
comparison with most metals, and thorium can be 
hot or cold formed readily in most operations. It 
is possible, for instance, to cold roll thorium to give 
a reduction in excess of 99°, without intermediate 
annealing, provided the thorium is sufficiently 
pure. With impurities and alloying additions more 
work is required in deformation but the processes 
are still generally applicable. Even thorium con- 
taining oxygen to a level of 5-6°., has considerable 
ductility because the oxides are formed as small 
inclusions which do not seriously impede metal 
flow. Impurities segregating at grain boundaries 
in a more irregular form do introduce some diffi- 
culties in working. 

In relatively massive hot working operations, such 
as forging and extrusion, thorium may be heated 
without special protection to about 800°C. and the 
working is relatively easy. Hot working or heat 
treatment of small pieces, particularly if they have a 
high surface area to volume ratio, will generally 
require some atmosphere protection for the metal. 
Preheating for hot rolling may be done in a lead 
bath at 600-700°C., for instance. 

Cold rolling of thorium sheet tends to produce 
rather marked preferred orientation, most of which 
is removed by recrystallization. Preferred orienta- 
tion is also evident in extruded stock and the type 
and extent of preferred orientation is to a large 
extent dependent on the rate of extrusion. At slow 
extrusion speeds the orientation is not as simple as 
that resulting from fast extrusion rates and slowly 
extruded thorium tends to be considerably stronger 
than fast extruded stock. 

On annealing severely cold-worked unalloyed 
thorium, softening becomes evident at 500°C. or 
slightly lower. At 600°C. softening is complete 
after 20-30 min. and, as with other metals, the 
temperature at which softening of cold-worked 





metal treatment 
and Drop Forging 


thorium begins decreases as the degree of previous 
cold work increases (fig. 11). 

Because thorium has a marked tendency to stick 
to die surfaces, operations like wire and tube 
drawing and swaging present a little trouble. It is 
possible to alleviate this by sheathing or plating the 
thorium with a metal such as copper which has 
very little tendency to weld into the die. 


The machining of thorium can be by conventional 
methods, wet or dry, but the softness of the metal 
makes the production of a fine finish difficult. 
Machining is generally carried out at slow speeds 
and with heavy cuts as when machining magnesium 
and its alloys. The heavy chips produced are less 
liable to spontaneous ignition than fine swarf. 


Powder metallurgy of thorium 

Several processes for producing thorium yicld 
the metal in powder or granular form. Thorium in 
the form of sponge, chips or turnings can be con- 
verted to powder by the controlled formation and 
decomposition of the hydride. Although there are 


Induction hardening 


AN automatic induction hardening installation 
is now in use at the Edmonton works of British 
Oxygen Engineering Ltd. At present employed for 
case-hardening short shafts and through-hardening 
bushes, the installation will eventually be used on a 
much wider range of components. 

Supplied to British Oxygen Engineering by 
Delapena and Son Ltd., of Cheltenham, the equip- 
ment minimizes distortion and lowers the cost of 
hardening. Since only the surface layers have to 
be heated, there are substantial economies in power 
consumption. Scaling is virtually eliminated as 
quenching can be carried out immediately after 
heating. 

With the new installation, application of heat can 
be precisely controlled, and the hardening process 
is rendered clean and fast. Heat is generated only 
in the part being treated and heat losses during 
standby periods are eliminated. After a period of 
close-down the full power output is available within 
three minutes. 

The equipment consists of an induction heater; 
a vertical shaft hardening machine with special 
fitments enabling it to be used for drop quench 
operations; a radio-frequency transformer, and 
inductor coils for heating a wide range of compo- 
nents ; a water circulating system to ensure adequate 
cooling of the induction heater, transformer and 
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two hydrides of thorium, ThH, and Th,H,,, it 
is the dihydride which is used for this purpose. It 
is formed by reaction of thorium in a hydrogen 
atmosphere at about 650°C. This hydride is then 
decomposed in vacuum at about 750°C. and forms 
a sinter cake which may be pulverized to a service- 
able powder. In general, particles of high purity 
thorium metal are quite malleable and the powder 
is readily compacted and sintered into ductile 
shapes. 

Fine thorium powder and thorium hydride are 
pyrophoric, particularly when moist. Heat evolved 
by reaction with air and moisture is capable of 
igniting evolved hydrogen. Material for storage is 
therefore protected, simply by collecting it under a 
non-reactive low boiling point liquid. When 
extensive handling has to be carried out this is done 
in an inert atmosphere, conveniently in a glove 
box. Sintering is also carried out in an inert atmo- 
sphere or in a vacuum. In the simple compacting 
followed by sintering process, the compacting 
pressure will be about 20 tons and the sintering 
temperature 1,400°C. 


induction coils, and sufficient flow for spray 
quenching. 


Operating sequence 


The shaft hardening machine can handle shafts 
up to 4 ft. long. The shaft is held vertically between 
adjustable centres, the lower one being driven at a 
variable speed by an electric motor. The shaft is 
heated by a surrounding inductor coil which moves 
upwards over the length to be treated. The rates and 
distances of traverse are variable and the machine 
can be set to cover parts of a shaft at different 
speeds. At the beginning of each heating period the 
inductor coil is held stationary until the correct 
temperature is reached, the duration of these pre- 
heating periods being separately controllable. 


Quenching is performed continuously by water 
sprayed from a ring mounted just below the inductor 
coil. Rate of flow is controllable and the quench 
continues until a pre-set interval after the end of the 
heating period. 


_ Once set up for a particular job, the whole process 
is automatic. The operator has only to load a shaft 
by hand and press the starting button. 


To use the shaft hardening machine for drop 
quench applications, the transformer carrier is 
removed and a small work table fitted in its place, 
while an auxiliary quench tank is placed on top of 
the normal drain tank. As with shaft hardening, 
the whole sequence is automatic. 
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Prespheroidizing 


Modification of the cast structure 


of high-speed steel 


HIGH-SPEED STEEL is the most popular material for 
the manufacture of cutting tools. Its unique 
properties are conferred by the presence of sub- 
stantial quantities of alloying elements, notably 











tungsten. Some typical compositions are 

Type Cc | W, Ce; V \Mo|Co 
18—4—1 0-7 18-0 4-0 1-0 oa . an 
6—5—2 0-85 6-0 4:0 20 50 — 
18—4—1+Co 0-75 | 18-0 | 4-5 1:25 — |5-0 
9—3—3-—S 1-33 | 9-0 | 4-25 | 3-5 | 3-2/8-5 





Because of the particular composition of high- 
speed steel, the freezing process is extremely 
complex and gives a structure like that shown in 
fig. 1. There are large colonies of eutectic, and 
the structure is by no means homogeneous. 

This structure is normally not acceptable for 
tools, and has to be broken down by hot work: 
forging, rolling or extrusion. The progress of 
this break-up is shown in fig. 2; the eutectic 
colonies, fig. 1, are elongated into stringers of 
carbide, but the structure remains heterogeneous. 
The presence of gross eutectic colonies can cause 
the steel to break up during hot work. 

The stringers are generally considered to be 
undesirable; they can cause distortion or failure 
during heat treatment, and have been blamed for 
countless failures of high-speed steel tools in service. 

Until recently it was believed that heat treatment 
alone could not alter the cast structure, fig. 1. 
However, work in BISRA has shown that it can. 
The irregularities in fig. 1 are thought to be caused 
by lack of equilibrium; that is, in the freezing 
operation there was insufficient time for com- 
pletion of a peritectic reaction. If this reaction 
were allowed to proceed, it should, it was reasoned, 
give a structure free from eutectic, and should 
therefore eliminate the coarse stringers. 

The technique adopted is to re-heat the as-cast 
steel to the reaction temperature (about 1,320°C.), 
at which the eutectic actually becomes molten. 
But the steel is then in the same state as it was 
just before the ingot froze, and by holding it at 
this temperature reaction takes place between 
liquid and solid to give a new solid phase without 
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eutectic. This operation has been termed pre- 
spheroidizing, because it enables the carbide 
(eutectic) to be spheroidized, or broken up into 
small globules, before any hot work is carried out. 

The effect of prespheroidizing on an ingot 
structure is shown in fig. 3. 

After hot working the structure becomes com- 
paratively uniform with an almost complete 
absence of stringers. 

It must be emphasized that the process is not 
yet a commercial proposition. The practical 
difficulties involved in the treatment of large 
masses of metal at the temperatures involved are 
great. An accidental temperature rise of as little 
as 5°C. could be disastrous, and the metal might 
melt sufficiently to lose its shape and be com- 
pletely ruined. Also it has yet to be established 
that the treatment improves the properties of 
high-speed steel, and if it does whether the improve- 
ment is sufficient to warrant the expense involved. 
The carbide particles in prespheroidized samples 
are larger than is usually considered desirable and 
this may have an embrittling effect. 


Possible applications 

There are two applications, however, where 
prespheroidizing could be of immediate value. 
A small proportion of high-speed steel tools are 
precision-cast to shape, and are heat treated without 
any hot work being carried out. These tools 
contain eutectic, but because of the small size of 
the section the structure is generally finer than in 
ingots, fig. 5. The prespheroidizing temperature is 
only about 30°C. above the normal hardening 
temperature for high-speed steel, so that in this 
case the tool can be prespheroidized, quenched, 
and tempered, and is then ready for final grinding 
and use. The masses involved are small, and this 
means that temperature control is much easier— 
either using a muffle furnace or, preferably, a salt 
bath. Handling is also much simpler. Fig. 6 
shows the prespheroidized structure. 

A further application is the restoration of over- 
heated tools. If the correct hardening temperature 
is exceeded, the structure will revert to a eutectic 
structure. Such tools can be prespheroidized in 
the same way as cast cutters and an expensive 
rejection may be avoided. 

This summary is based on BIsRA reports MG/L 
197/58, ‘ The reduction of carbide heterogeneity 
in high-speed steel by thermal treatment of the 
ingot,’ by G. Hoyle and E. Ineson, MG/L/44/59, 
‘An investigation of the prespheroidizing process 
by thermal analysis,’ by A. Hollingsworth and G. 
Hoyle, and MG/L/50/59, ‘The reduction of 
carbide heterogeneity in high-speed steel by 
thermal treatment of the ingot: further experi- 


mental results,’ by D. B. Hammond and G. Hoyle. 
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1 High-speed steel ingot—as cast 100 2 Two-inch billet forged from ingot 100 





3 High-speed steel ingot—prespheroidized 100 4 Two-inch billet forged from prespheroidized ingot ~ 100 
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Application of electron microscopy 


Investigation into the 


subgrain structure of high-purity aluminium 


DR. H. BICHSEL 


The subgrain structure of roll-hardened and annealed high-purity aluminium foil 
has been investigated by transmission electron microscopy. It is shown that a cell 
structure arising after polishing comes from local etch pits and is not directly con- 
nected with the subgrain structure. The author of the following article, the 
German version of which appeared in ‘Metall,’ March, 1960, is with the Aluminum- 
Industrie- Aktien-Gesellschaft Research Laboratories at Neuhausen am Rheinfall, 


Switzerland. 


IN RECENT YEARS great strides have been made in the 
sphere of metallurgy through the application of 
electron microscopy. Above all it has proved pos- 
sible to throw light on the problem of lattice faults 
(dislocations) and their effects on the properties of 
metals. Numerous investigations have also been 
carried out concerning substructures in crystals. 

One way in which it is possible to produce 
subgrains consists in subjecting lightly worked 
metal to annealing at a high temperature, at 500- 
600 °C. for instance. This method is used especially 
by the French school and by R. W. Cahn! in his 
fundamental work on polygonization. C. Crussard* 
designates the process which takes place as re- 
crystallization im situ, since the resultant subgrains, 
which can display considerable sizes of 20-1,000 py, 
adopt almost the same orientation. 

Subgrains also arise after heavy cold working and 
subsequent annealing to remove strain hardening; 
in this instance the degree of deformation, the 
annealing conditions and the purity of the metal 
determine their size. In general it may be said 
that the subgrains are correspondingly smaller, the 
higher is the degree of deformation, and corre- 
spondingly larger, the higher is the annealing 
temperature and the greater the degree of purity. 
Likewise the temperature at which the cold working 
is carried out has an influence on the size of the 
subgrains. Thus aluminium hammered in liquid 
air shows only an imperfect, and clearly smaller, 
substructure than metal deformed at room tem- 
perature. Furthermore, substructures are also 
formed during hot working. 


P. B. Hirsch* gives a comprehensive picture of 
the most important works published on substruc- 
tures (mosaic structures) up to 1956. 

Substructures in crystals can be identified either 
by X-ray methods, or by either optical or electron 
microscopy. It is, above all, the improved micro- 
X-ray methods which have produced evidence of 
these subregions, which show only extremely small 
differences in orientation.®»* Dependent on the 
experimental conditions, in highly deformed alu- 
minium subgrains of the order of a few microns are 
to be found. By means of a fine radiation X-ray 
method, P. B. Hirsch and N. J. Kellar observed 
subgrains of a size 1-2 uw in pure aluminium 
(99-999°..) after 57°. vertical deformation by 
rolling. 

Direct metallographic evidence of the subgrain 
structure is rendered difficult by the fact that the 
low-angle grain boundaries cannot in practice be 
etched. This may mainly be attributed to their low 
energy. In addition, according to G. Wyon and 
M. J. Marchin,’ dislocations in aluminium can 
only be made visible by etching, if they show a 
Cottrell atmosphere. P. A. Beck and Hu Hsun,* 
and also E. C. W. Perryman,* investigated the 
deformed areas in pure aluminium in polarized 
light; the latter author also made use of phase 
contrast illumination. This process is based on the 
fact that the small differences in the orientation of 
the base metal are also present in the optically 
anisotropic, oxide layer, and in polarized light in 
the presence of a compensator plate appear as 
colour shades. Nevertheless only vaguely defined 
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areas, which gave certain indications of the defor- 
mation process, could be observed, but not the 
actual substructures themselves. 

More recently the electron microscope is now 
being applied with great success to the investigation 
of the fine grain structure of metals. As investiga- 
tion techniques, two methods may be employed: 
either a surface print of the object is produced, or 
on the other hand the object (the metal foil) is 
thinned down by means of special methods to less 
than 0-1 yu, so that it is suitable for direct trans- 
mission. In particular the last method has yielded 
a large number of fundamentally novel results. 
Not only may substructures be observed in a simple 
way, but lattice faults and their arrangement can 
be recognized. The first of these works was pro- 
duced by R. D. Heidenreich,'® who found sub- 
structures of the order of 1-3 u in size in cold- 
worked aluminium. Since, according to the theory 
of electron diffraction, the intensity of the electron 
beam transmitted during passage through a crystal 
is dependent on the orientation of the lattice, the 
subgrains appear as zones of differing luminosity. 
At the same time even the smallest differences in 
orientation, such as occur with subgrains, are 
recorded. 

Areas with high local stresses (dislocations) 
absorb the radiation to a very great extent. P. B. 
Hirsch, R. W. Horne, and M. J. Whelan," investi- 
gated the distribution and movement of dislocations 
in beaten aluminium foils. During observation in 
the electron microscope the dislocations move in 
consequence of the slight heating up of the specimen 
by the electron beam. Recently the behaviour of 
dislocations under tensile load has been described. 
A device constructed by H. G. F. Wilsdorf™ 
made possible the extension of thin metal foils 
directly under observation. From these investiga- 
tions the conclusion must at all events be drawn 
that the mechanism of deformation in thin foils 
takes place in a different manner than in bulk 
material. Finally subgrains can be revealed in 
alloys, e.g. Al-4°,, Cu, since the alloying com- 
ponent is preferentially precipitated at lattice 
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2 Subgrain structure of high purity aluminium foil, roll 


hardened. (Transmission micrograph) 


defects after solution annealing and tempering." ™*. 15 

In the present work a report is given of observa- 
tions made by means of transmission microscopy 
during the growth of subgrains as a result of various 
annealing treatments of thinned metal foils, and of 
investigations of the cell structure arising after 
chemical polishing of aluminium in the Alcoa 
R-5 bath. 


Experimental section 
Growth of subgrains in high purity aluminium foil 
after heat treatment 

As initial material use was made of roll-hardened, 
pure aluminium foil, 30 » thick, of the following 
chemical composition: 

Si 0-0046°, Cu 0-0006°,, 
Fe 0-0010' Al 99-9938", 

Sections of the foil were annealed at 100, 160, 
200, 210 and 250°C., in each instance for 24 h. 
Subsequently the foils were thinned down in 
accordance with the method of W. Bollmann"* with 
the use of a tribasic sodium phosphate solution 
160 g. litre) as electrolyte (fig. 1). Oxide films 
adhering to the specimen were dissolved by careful 
immersion of the foil for a period of 1 min. at 
90-100°C. in Smudge Remover Solution (100 cm.* 
phosphoric acid d = 1-7, 100 g. chromium trioxide 
and 400 cm.* water). After thorough washing in 
water the foil is transferred into alcohol. The 
thin metal tinsel fragments can subsequently be 
withdrawn on carrier grids. 

Fig. 2 shows the substructure of the roll-hardened 
foil. Sharply defined regions of the order of about 
2 u in size can be recognized. In the interior the 
subgrains often show dark lines which end on the 
boundaries of the subgrains. These are the extinc- 
tion contours which have already been described 
by R. D. Heidenreich,'® which arise either through 





3 Subgrain structure of high purity aluminium foil, annealed 4 Subgrain structure of high purity aluminium foil, annealed 
24 hours at 200° C. (Transmission micrograph) 24 hours at 200° C. Marked growth of individual subgrains. 
(Transmission micrograph) 


6 High purity aluminium sheet, soft annealed. Electro- 7 High purity aluminium sheet, soft annealed. Electro- 

lyticai.y polished and finally polished for 2 minutes at 90°C. _lytically polished and finally polished for 2 minutes at 90° C. 

in the Alcoa R-5 Bright Dip Bath. (Carbon replica) in the Alcoa R-5 Bright Dip Bath. Orientation close to 
(110). (Carbon replica) 


8 High purity aluminium sheet, soft annealed. Electro- 9% High purity aluminium sheet, 70°, reduction by rolling. 
lytically polished and finally polished for 2 minutes at 90°C. Polished for 3 minutes at 90°C. in Alcoa R-5 Bright Dip 
in Alcoa R-5 Bright Dip Bath. Orientation close to (100). Bath. (Carbon replica) 

(Carbon replica) 











10 High purity aluminium plate, soft annealed and light! 11 High purity aluminium sheet, soft annealed. FElectro- 
worked. Electrolytically polished and finally polished for lytically polished and finally polished for 2 minutes at 90° C. 
2 minutes at 90°C. in Alcoa R-5 Bright Dip Bath. § in Alcoa R-5 Bright Dip Bath. Deposit on the cell ribs. 
band (oblique line) ending on a grain boundary (vertical lin Carbon replica) 

(Carbon replica) 








12 High turity aluminium sheet, soft annealed. Polished for 13 High purity aluminium plate, soft annealed. Electro- 
30 seconds in Alcoa R-5 Bright Dip Bath. Orientation tically polished and finally polished for 15 minutes at 
close to (100). (Carbon replica x) C. in Alcoa R-5 Bright Dip Bath. Carbon replica) 





i4a High purity aheninium foil, annealed for 24 hours 15 High purity aluminium foil, annealed for 24 hours at 
at 200°C., and thinned down in Alcoa R-5 Bright Dip 130° C. and thinnad down in Alcoa R-5 Bright Dip Bath. 
Bath. Not shadow:d with chromium Transmission Strongly shadowed with chromium. (Transmission micro- 
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20 100 , 20 30O 
ANNEALING TEMP C 
5 Growth of subgrains in roll hardened high purity aluminium 
foil after various annealing treatments. Annealing period 24h. 





variations in thickness or during slight bending of 
the foil. Alongside these lines dislocations can also 
be seen. These remain unchanged during the 
bending of the specimen by 1-2’, whereas the 
interference lines are extinguished. 

After annealing of the strips at the temperatures 
already mentioned, a continuous coarsening of the 
subgrain structure takes place, as is shown by 
fig..3. Even after 24 h. annealing at 200°C. the 
grains of the structure become disproportionate in 
size, for a few individual grains grow to be ex- 
tremely large (fig. 4). These coarse grains which 
absorb the smaller ones, finally grow into the 
primary, recrystallized grain structure. 

By means of photographs the subgrains can be 
counted. Table | and fig. 5 contain the average 
calculated numbers of subgrains per mm.? From 
the X-ray diffraction diagram the degree of re- 
crystallization may be assessed in each instance. 

The value d corresponds to the average subgrain 
diameter at the relevant annealing temperature, 


TABLE 1 Swubgrain and recrystalline data 





| Sub- 
Annealing grains | d (u) Degree of 
treatment mm.* recrystallization 





Roll hardened 640,000 | 1-25 | Not recrystallized 
100° C./24 hours | 585,000 | 1-31 


160° C./24 ,, 420,000 1-54 | Start of 
recrystallization 
200° C./24 ,, | 250,000 | 2-00 | ca. 5—10°, 
| recrystallized 
250° C./24 ,, 38,000 | 5-10 | ca. 50—60°, 
recrystallized 
270° C./24 ,, ca. 500* ca. 45*| Completely 


recrystallized 





*Primary grain determined by means of an optical 
microscope. 
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on the assumption that the sublattices are cubic 
with an edge length d. 

Between 20 and 100°C. no noteworthy change in 
the subgrain structure takes place. From 100°C. 
onwards, however, a marked reduction in the 
number of subgrains occurs. In this temperature 
range the breakdown of the greater part of the 
strain hardening probably takes place. 

The origin of subgrains is still relatively obscure. 
Originally the polygonization process was assumed 
to be the most important mechanism. After heavy 
working, however, in consequence of the simul- 
taneous activity of several slip systems funda- 
mentally more complicated conditions exist, than 
during classical experiments with polygonization. 
Through the formation of Lomer-Cottrell barriers'’ 
the movement of the dislocations is retarded, which 
makes itself apparent through the increase in the 
strain hardening. Where blocked dislocations occur, 
however, the course of polygonization is impeded. 
Very recent electron microscope investigations of 
thinned nickel foils carried out by W, Bollmann’* 
showed that at points of lower dislocation density 
nuclei are formed, from which subgrains arise, 
capable of growth. In this process the critical size 
of nucleus at which growth is possible is dependent 
on the local distribution of the dislocations. 

The results obtained in the present investigation 
of the subgrain structure in the roll-hardened 
state and after various annealing treatments give 
rise to the assumption that the growth of the 
structure from the subgrain up to the very coarse 
primary grain is a process of continuous evolution 
in high purity aluminium. In this sequence the 
largest subgrains present in the rolled state, in 
accordance with the lowest surface tension, should 
have the best opportunities for growth. In the 
course of the growth of the subgrain the selective 
growth already described by P. A. Beck and col- 
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14b Superimposition d the cell structure on the subgrain 
boundaries (cf. fig. 14a 
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laborators'® comes into operation, whereby those 
grains grow the fastest which display favourable 
mutual orientations in relation to their neighbours. 
Small grain boundary movements in unit time 
produce neighbouring grains with similar orienta- 
tion or in spinel twinning position. 


Connection between surface structure produced by 
means of a chemical polishing bath and the lattice 
substructure 

After treatment of aluminium surfaces in polish- 
ing baths of the phosphoric acid-nitric acid type 
e.g. Alcoa R-5 Bright Dip = 470 cm.* phosphoric 
acid d 1-7, 30 cm.® conc. nitric acid, 150 cm.® 
distilled water) regular cell structures arise, which 
can readily be revealed by electron microscopy. 
M. S. Hunter and D. L. Robinson,*° who published 
a first study of the subject, as well as D. Altenpohl 
and W. Hugi,”' are of the opinion that through the 
specific attack of the polishing bath the subgrain 
structure is brought to light. The dimensions of the 
cell structure, as has also been confirmed later by 
F. B. Cuff and N. J. Grant,** are dependent on the 
purity of the metal; the purer the metal the 
larger are the cells. 

Fig. 6 shows the surface of a soft-annealed, pure 
aluminium sheet after treatment in the Alcoa R-5 
polishing bath. The photograph shows two essen- 
tial things, the form of the individual cells and their 
dependence on the orientation of the grain. In 
order to be able to determine the latter, after 
polishing, sheet specimens were etched with a 
solution of C. S. Barrett and L. M. Levenson® 
(9 parts conc. HCl, 3 parts conc. nitric acid, 2 
parts 40°., H,F,, 5 parts water), which reveals the 
(100) planes and produces cubic etch pits. For 
the electron microscope investigation carbon re- 
plicas were produced and shadowed obliquely with 
chromium at an angle of 30 deg. By means of the 
direction of the shadows, of the light-coloured 
flecks in the grain boundary of fig. 6, for instance, it 
is possible to show that the cell boundaries stand 
out in relief like ribs, since in each instance their 
light side is turned towards the ‘light source.’ 
This should be borne in mind, since during obser- 
vation the structure often appears to stand out 
plastically in the same way as the grain, which 
leads to a false impression, and also misled M. S. 
Hunter and D. L. Robinson to the conclusion that 
the ‘subgrain boundaries’ would be etched by the 
R-5 polishing bath. 

D. Altenpohl and W. Hugi,” * as well as F. B. 
Cuff and N. J. Grant,** on the other hand recognized 
that the cell boundaries are in relief and represent a 
system of ribs. These authors assume that traces of 
heavy metal (Fe, Cu) are preferentially piled up 
in the ‘subgrain boundaries,’ which are therefore 
nobler than the ‘subgrain centre.’ The polishing 
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bath, in their opinion, attacks the ‘subgrain centre’ 
first of all, whereas the nobler ‘boundaries’ remain 
in relief. This hypothesis, according to F. B. Cuff 
and N. J. Grant,”* is supported by the observation 
that the cell size is dependent on the purity of the 
metal. Similar cell structures also appear, as the 
numerous experiments of N. C. Welsh®* show, after 
the use of various electrolytic polishing methods. 
N. C. Welsh found that the form of the cell struc- 
tures, quite apart from the crystallographic orienta- 
tion, is also dependent on the composition of the 
electrolyte and the polishing conditions. Thus for 
instance the cell size increases with the increase in 
the electrolysis voltage. From this behaviour 
N. C. Welsh draws the conclusion that the cell 
structures obtained could not be a matter of the 
actual subgrain structure. 

As figs. 6, 7 and 8 show, the cell structure shows 
a marked dependence on the orientation of the 
grain. Especially typical structures result, if the 
intersected plane happens to be a (111), (110) or 
(100) plane. In the first instance a dotted structure 
is produced (left grain in fig. 6). On the (110) plane 
the cells appear elongated, and in the ideal instance 
parallel furrows are to be found, whereas on the 
(109) plane a pattern consisting roughly of squares 
occurs. These relatively regular distributions are 
wiped out with increasing cold deformation. Fig. 9 
shows the surface of a cold rolled, pure aluminium 
sheet where the degree of reduction is 70°,,. The 
course of two parallel slip bands are clearly recog- 
nizable. In other instances it was found that, 
dependent on the orientation, the slip bands are 
attacked just as strongly as the grain boundaries. 
In fig. 10 the vertical line, as follows from the 
different cell structure on both sides of the line, is a 
grain boundary, whereas at about 45 deg. to it there 
runs a slip band, produced when the specimen was 
lightly worked. Often the cell ribs display deposits, 
which presumably consist of oxides (fig. 11). 

The way in which the attack of the polishing 
bath starts after a short period of action (30 sec.), 
is clearly evident from fig. 12. First of all isolated, 
individual pits are formed, which show a certain 
similarity to the cubic etch patterns previously 
produced. During subsequent polishing treatment 
the pits increase in size, and grow flat in accordance 
with the action of the polishing bath. At points 
where two neighbouring pits meet, elevations, i.e. 
ribs of the cell structure, arise. After a very long 
period of action by the polishing bath the depen- 
dence of the cell structure on the crystalline orien- 
tation disappears to some extent, the cell ribs 
become wider, and round cells of irregular shape 
then form. In fig. 13 we have an etch pit with 


approximately (111) orientation, which after 15 min. 
action by the bath has again been levelled out. 
Transmission microscopy of thin metal foils 
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afforded, in simple and unambiguous form, evidence 
that no direct connection exists between the actual 
subgrain structure and the cell structure disclosed 
above. 

For this purpose the thin metal specimens were 
prepared in the following manner: high purity 
aluminium foil, 30 » thick, was treated for a few 
minutes in the R-5 bath at 90°C., in order to bring 
out the cell structure on both sides. After washing 
and drying one side of the foil was covered with 
resin (polystyrene in trichloroethylene). After 
drying of the resin, the foil was again carefully 
thinned down in the R-5 bath, until holes and 
thin areas occurred. At this moment the treatment 
was broken off, and the foil washed off. Sub- 
sequently the layer of resin was removed by immer- 
sion in benzene, and the residual high purity 
aluminium foil was washed clean in benzene and 
alcohol. 

During transmission microscopy, apart from the 
subrain structure, the cell structure is also 
apparent; it may readily be recognized in fig. 
14 (a). The impression is partly somewhat blurred, 
since the structures on both sides of the foil are 
visible at the same time. In fig. 14 (6) for the sake 
of better illustration the superimposition of the 
two structures is represented. Since the cell 
structure is formed in relief, i.e. the ribs are raised 
in relation to the interior of the cell, it can be 
brought out in greater contrast on thin metal foils 
also, by means of oblique vaporization with chro- 
mium (fig. 15). From the two last illustrations it is 
undoubtedly clear that in fact the cells do form a 
surface structure. In fig. 14 (a), without chromium 
shadowing, the ribs appeared darker than the 
background, since in consequence of the greater 
thickness of the specimen at this point more elec- 
trons were absorbed. It may be clearly recognized 
that no direct relationship exists between the cell 
structure and the sublattice structure. The cell 
structures extend without interruption right over 
the subgrain boundaries and are elongated, whereas 
the subgrains have a tendency towards polygonal 
form. 

After the completion of these investigations a 
similar work of R. Phillips and N. C. Welsh*®* came 
to our knowledge. By transmission microscopy of 
thin foils, the authors investigated a surface struc- 
ture set up by 1°, hydrofluoric acid, which shows a 
certain similarity with that which has been de- 
scribed. The authors named also come to the 
conclusion that there is no connection between 
surface structure and subgrain structure. 


Discussion 

By means of transmission electron microscopy of 
thin foils of high purity aluminium, it proved 
possible to determjne the size of the subgrains of 
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roll-hardened and lightly annealed material. 
Recently B. G. Ricketts, A. Kelly, and P. A. 
Beck,’ at the AIME 1959 Fall Meeting, reported on 
the subgrain size of a rolled and annealed, high 
purity aluminium crystal. The average subgrain 
size of 80°, rolled material, which was also found 
by means of transmission electron microscopy, was 
determined at 1-2 u, which is in good agreement 
with our own measurements (1-25). On the other 
hand these authors also found that after annealing 
at 300-400°C. the sublattice size of 2-7 u was not 
exceeded. It must be taken into consideration, 
however, that the high purity aluminium crystal 
was rolled in the (110) [112] position, from which 
one may expect a very marked and sharp rolling 
texture. This has the result that between the 
individual subgrains in practice only low angle 
grain boundaries occur, for which according to 
P. A. Beck and collaborators'® the grain boundary 
movement velocity is very small. 

The nature of the growth of the subgrains, 
starting from the roll-hardened state, seems at 
first to be a continuous process. After annealing 
at 160°C., individual subgrains, which are clearly in 
a preferential position in relation to their environ- 
ment, start to grow more rapidly. The subgrain 
structure of foil annealed at 200°C. shows a certain 
similarity with the macrostructure of high purity 
aluminium sheet which has been annealed for some 
hours at 500°C. Here again some large grains 
appear, which have increased in size on account of 
their favourable conditions of orientation. 

Transmission microscopy of thin metal foils 
produced unambiguous evidence that the surface 
cell structure arises as a result of the polishing 
process, and that there is no direct connection 
between it and the actual subgrain structure. The 
assumption that these cells are identical with the 
subgrains is contradicted by the finding that the 
cells, in contrast to the real subgrains, remain 
essentially unchanged during the course of an 
annealing treatment. The cell structures display 
differences only between the deformed and the 
recrystallized material. This seems to us to be an 
indication that lattice defects which produce a 
preferential, local etch attack contribute to the 
formation of the cell structure. This assumption is 
in agreement with the finding that the high angle 
grain boundaries and slip bands, in other words 
areas with high imperfection densities, are strongly 
attacked by the polishing bath (figs. 6 and 10). The 
wide strip, devoid of texture, in the grain bounda- 
ries, which is mentioned by F. B. Cuff and N. J. 
Grant,” must well be none other than the result of 
a strong attack, which removes the metal along the 
grain boundaries to leave a pattern of furrows. 

It is very probable that during chemical polishing, 
in consequence of the lack of an external, electro- 
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motive force, there is occurrence of local corrosion, 
brought about by the imperfections and impurities. 
In the latter instance we automatically have an 
explanation for the observation that the cell size 
increases with the rise in the purity of the metal. 
Likewise the strong attack on the grain boundaries 
can be thus explained. 

In this connection a further consideration is 
likewise of interest: according to the determination 
of M. S. Hunter and D. L. Robinson?® the number 
of cells in soft annealed material varies between 
10° and 1-3 10’ mm.* which corresponds to a 
mean diameter of 0-2-1-0 u. For the assumption 
that each cell was formed at the starting point of a 
dislocation line, we obtain a dislocation density of 


10° to 1-3 10° cm.” which agrees in order of 
magnitude with measurements of aluminium 
crystals. 


The origin and development of the cell structures 
in pure aluminium after the action of the Alcoa R-5 
polishing bath must well take place as follows: the 
attack begins locally at points with lattice disloca- 
tions which may possibly contain traces of foreign 
metal (Fe, Cu) as Cottrell clouds. Individual, 
isolated, flat etch pits (fig. 12) arise, which increase 
in size after further penetration of the etchant, and 
finally collide, thus producing the raised, rib-like 
cell boundary. The deposition of corrosion pro- 
ducts on the cell ribs which is often observed 
(figs. 9 and 11) permits the assumption that these 
deposits represent the anodic part of the local 
galvanic cell, whereas the cell centre is cathodic 
in relation to the cell ribs. 

From the evidence that the cells have had their 
origin in the etch pits, we also have an explanation 
for the relationship between the cell structure and 
the crystallographic orientation. 
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Zinc, the science and technology of the metal, its 
alloys and compounds 


American Chemical Society Monograph No. 142. Edited 
by C. H. Mathewson. Reinhold Publishing Corporation, 
1959. £7 16s. 


THIS MONOGRAPH is one of the very valuable series pub- 
lished by the American Chemical Society. Though 
called a chemical monograph, it is written almost entirely 
from a metallurgical point of view and can be thoroughly 
recommended as a very comprehensive and useful 
reference book. 

It is very well printed on good paper and runs to over 
700 pages. The diagrams are usually clear and helpful, 
but the photographs add little information and could 
well have been left out. For instance, a photograph of 
a fork-lift truck carrying bundles of zinc hardly justifies 
the cost of its block. 

The book is written by 52 contributors, most of whom 
are industrial metallurgists. All aspects of zinc from its 
historical background to its biological significance are 
discussed. However, over 600 pages of the book are on 
the a of zinc, of which about half are on its 

xtraction and refining. 


Though the major use of the book will be as a refer- 
I t is very readable, especially the descriptions of 
processes. Students will find their library 
opy very useful (they will hardly be able to afford one 
f their own), though they may find the book as a whole 
rather thin on theory; it is in fact mainly a descriptive 
work 


Filler metals for joining 
By Orville T. Barnett. Reinhold Publishing Corporation, 
New York, 1959. 
IHIS BOOK sets out to be a very complete guide to the 
filler rods, e.g. welding rods, brazing rods, solders, etc., 
available in the United States. They are listed under 
their American welding society—American Society for 
the Testing of Materials Classification Numbers. Under 
each electrode is given a description of its type-coating 
use and reasons for its popularity or lack of popularity. 
It appears to be authoritative and complete and should 
be extremely useful to welding engineers in America or 
those using American welding rods. Its use in the 
United Kingdom is likely to be limited. 

J. H. RENDALL 


Hydraulic oils 

Published by Wakefield-Dick Industrial Oils Ltd., 1960 
Pp. 74. 

THIS BOOK, which contains 50 illustrations, will be useful 
to engineers concerned with the design, installation, 
operation or maintenance of hydraulic equipment. It 
includes chapters on fundamental hydraulic principles ; 
hydraulic systems, pumps and components ; and hydraulic 
fluids. 

Copies of * Hydraulic oils’ are available to readers of 
this journal, free on request to Wakefield-Dick Industrial 
Oils Ltd., Castrol House, Marylebone Road, London, 

u.W.1. 
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The solidification of alloys 


A. KOHN and J. PHILIBERT 


At the last autumn meeting of the Société Frangaise de Métallurgie, the authors 
presented a contribution of the solidification of alloys subsequently published in the 
‘Revue de Métallurgie,’ April, 1960. The following article, which will be concluded 
next month, has been specially prepared by the authors to give the matin conclusions 
of their research without entering into the detailed experimental evidence presented in 
their original study. The authors are with the Institut de Recherches de la Sidérurgie, 
France, Mr. Kohn being head of the Special Metallography Division 


THE MINOR HETEROGENEITY which is always found 
in alloys is the direct result of the process of 
solidification of the metal. It is now more than 50 
years ago that Portevin,' by applying to metallic 
solutions the thermodynamic criteria of Gibbs, 
explained how liquation caused heterogeneity of the 
crystals formed during solidification of an alloy. 
The work done during the last 10 years, notably in 
the field of the structure of metals in the liquid 
state, and of phase transformation phenomena, 
enables more precise explanation to be made of 
this interpretation, which has for a long time been 
the standard one, by defining the nature of the 
processes which take place during solidification. 


Crystal nucleation 

When the mechanism of solidification is being 
considered it must not be forgotten that this 
phenomenon, like most phase transformations, 
takes place in two stages; crystal nucleation and 
then growth of the crystals. The second of these 
processes is exothermic and consequently occurs 
spontaneously as soon as the metal can give up 
calories to the outside surroundings. On the 
contrary, nucleation requires that a certain amount 
of energy shall be freely available inside the liquid 
phase and it can only take place if this phase is in a 
state of thermodynamic disequilibrium. To put 
it another way, a pure metal heated above its 
melting point can only exist ‘n the liquid state but, 
below that temperature, it can exist, either in the 
solid state (stable condition) or in the liquid state 
(metastable condition). Since the work done by 
Turnbull, various investigators have been able to 
observe that a number of metals, including iron, 
can remain liquid at temperatures several hundreds 
of degrees below their melting point.* 


Actually all industrial metals and alloys contain 
impurities which help the nucleation of crystals 
(heterogeneous nucleation) and undercooling rarely 
exceeds a few degrees. But, however small may be 
this undercooling, it necessarily occurs, even in 
those metals and alloys where there has been no 
opportunity of observing it, since only a definite 
thermodynamic disequilibrium can cause the change 
from the liquid to the solid state. 

Therefore, the first solid nuclei are formed at a 
temperature lower than the melting point. The 
heat then freed by the growth of these nuclei raises 
the temperature of the metal up to its melting 
point (liquidus temperature in the case of an alloy). 

The nature of the foreign embryos acting as 
catalysts in the solidification of the metal is still 
absolutely unknown, It can only be surmised that 
long distance liaison forces, similar to those main- 
taining the organization of atoms within a metal 
crystal in process of formation, act on the atoms of 
the liquid metal phase in the vicinity of these 
embryos. In other words, as various authors have 
suggested,®»* these embryos have a crystalline 
structure and crystallographic orientation exists 
between these embryos and the originated metal 
crystals as in epitaxy. It can equally be considered 
that the number of crystals which are formed 
inside a metallic mass of commercial purity is 
determined by the number of embryos capable of 
being active, which exist in the liquid phase at the 
moment of cooling. (This idea is implicitly the 
basis for all the inoculation processes destined to 
refine the grain of an alloy casting.) 


Crystal growth 
Once nucleation has started the solidification 
proceeds by the growth of these nuclei. It takes 
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place at a constant temperature in the case of a pure 
metal, and over a certain range of temperature in 
the case of an alloy. In the latter case, the chemical 
composition of the liquid and solid phases evolves 
in accordance with the progress of solidification. 
The crystals formed are, in general, less rich in the 
alloying element than was the original liquid and the 
latter is consequently enriched in this element. 

It is usually assumed that the rate of diffusion in 
the solid state is very low compared with the speed 
of crystal growth, even in the case of slow solidi- 
fication, and the homogenisation of the crystals, 
which can result from diffusion, is practically 
negligible. It is also considered that the ratio 
between the concentrations of liquid and solid 
phases, on each side of the surface of a growing 
crystal, corresponds to the ratio existing when the 
phases are in equilibrium. There is at the present 
time no grounds to reject this hypothesis. 

But it is generally admitted that the liquidus 
phase can be regarded as homogeneous. Now, 
present data of the coefficients of diffusion in the 
liquid state around melting point, show that these 
coefficients are too low (about 10°° cm.?/sec.) for 
an appreciable homogenization of the liquid 
phase to be produced by diffusion. Moreover, even 
if in the liquid metal there are convection currents 
as strong as those which appear to have been found 
in recent experiments, because of their laminar 
nature, these convection currents would not exert 
any influence on the liquid in the immediate neigh- 
bourhood of the crystal faces (the speed of dis- 
placement of a laminar liquid is nil when it comes 
up against a wall). The result of this is that the 
excess alloying element rejected by the crystals 
during their growth has no possibility of being 
spread out homogeneously in the portion of the 
alloy which is still liquid. It is for this reason, as 
Rutter and Chalmers® have pointed out as early 
as 1953, that the concentration of the alloying 
element in the liquid near the interface must be 
much higher than the initial concentration found 
in the liquid at some distance from that interface. 


Purpose of investigation 

In this investigation the main interest has been 
given to the case in which solidification takes place 
with a relatively slow speed of cooling and where 
there is not a very high temperature gradient inside 
the mass of metal not yet completely solidified. 
These thermal conditions, which cause the for- 
mation of equiaxed crystallization, are those most 
frequently found in industrial practice, since they 
appear during the solidification of sand castings 
and in the core of forging ingots. 

Empirical examination of a metal which solidifies 
under these conditions, shows that solidification 
first appears as a transient condition between the 
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initial liquid state and the final solid state, generally 
known as ‘pasty state.’ As is known, this appearance 
is due to the fact that solidification takes place by 
the growth of separate crystals, which develop at 
the expense of the portion of the metal which is still 
liquid. This mixture has neither the fluidity 
characteristic of the liquid state nor the cohesion 
characteristic of the solid state. 

Although the original aim of the authors was, 
consequently, to go more deeply into the mechan- 
ism of solidification in ingots of killed steel, reasons 
of experimental convenience determined the greater 
part of the work being carried out on alloys with 
low melting points. The similarity of some phe- 
nomena observed during this investigation when 
compared with results obtained on steel ingots, 
permits a generalized interpretation to be drawn 
from these tests. 


Thermal analysis 
TEST CONDITIONS 

In order to work under experimental conditions 
not too far removed from the usual conditions of 
solidification of industrial alloys, in which the 
presence of numerous impurities helps nucleation, 
raw materials of suitable purity have been used 
without making any effort to get an extreme degree 
‘f purity (second melt aluminium, 99-98°,, pure, 
electrolyte copper, tin, lead, bismuth). Tempera- 
tures were measured by means of chromel-alumel 
thermo-electric couples, 0-32 mm. dia. (0-013 in.). 

With the exception of some control tests, the 
couple was used without protective sheath and the 
weld was in direct contact with the alloy, which 
allowed it to get into temperature equilibrium 
almost instantaneously with the surrounding metal. 
The couples were connected up to M.E.C.I. 
recording potentiometers, which made a continuous 
recording of the curves of variation of the e.m.f. of 
the couples as a function of time. 

Tests were carried out on small amounts of metal, 
melted in alumina crucibles (about | c.c. and 16 c.c. 
capacity) or in nickel crucibles (about 24 c.c.), 
cooling being done either in still air or in the 
furnace, by switching off its current or by reducing 
the supply voltage. The device in use also allowed 
of rapid quenching of the crucible into a container 
filled with water at a given moment of cooling. 

By these means cooling speeds (measured on the 
portion of the curve corresponding to the cooling of 
the liquid before solidification) could be obtained 
ranging from 180°C. /min. to 50°C./min. 

Tests were also made on larger amounts of metal 
(1,800 g. (4 lb.) ) approx., by using a cylindrical 
alumina crucible 120 mm. high inside and 95 mm. 
inside dia., placed on a metal base to which were 
fixed the thermo-electric couples penetrating into 
the metal along the axis of the crucible. This 
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ally device could be placed in a furnace where the the neighbourhood of the wall of the crucible, the 
ince heating was done, then withdrawn and placed on a__rise in temperature at this point would be much 
> by frame so as to obtain air cooling (speed of cooling slower than that which would be observed near to 
> at about 15°C./min.). Tests were also made by leaving the wall. Moreover, the thermal analysis curve 
still the device in the furnace, with the current cut off would show an anomaly indicating the moment at 
dity speed of cooling 2°C. min.). which nucleation took place at that point in the 
sion Solidification curve of pure metal. The curves ingot, which is not the case. It should be noted, 
obtained by leaving to cool, in still air or in the however, that solidification near the wall is only 
vas, furnace, a small quantity of tin (150 g., 5} oz.) or of completed after a period of time corresponding to 
an- aluminium (3-40 g.), containing no alloying ele- two-thirds of the total length of time of solidification. 
ons ment, consist of the three usual sections (fig. 1): These observations show, then, that contrary to 
ater 1) The cooling curve in the liquid state; (2) the a widely held opinion,® solidification of a non- 
vith plateau of solidification; and (3) the cooling curve in alloyed metal is not necessarily carried out by the 
he- the solid state. progressive thickening of a skin of solid metal 
hen The first two sections fit together with a dip enclosing a volume of metal still completely liquid. 
ots, corresponding to supercooling. This latter is This phenomenon can only happen in this way 
wn higher and stops more quickly with tin than with when the thermal conditions cause the formation of 
aluminium. basaltic crystals growing simultaneously from the 
Various tests have also been made with the large surface of the ingot. 
crucible containing 1-8 kg. (4 lb.) of aluminium, Influence of increasing amounts of added alloying 
with the joints of the three couples placed respec- element. In order to know the influence of an 
wns tively in different positions on the vertical axis of increasing addition of alloying element on the 
of the crucible. (Fig. 2.) The recorded curves show shape of the solidification curves, tests have been 
he that local re-heating (supercooling) occurred at carried out on tin-bismuth alloys (up to 3-1°,, Bi), 
on, any point of the liquid aluminium as soon as the tin-lead (up to 2-7°,, Pb), and aluminium-copper 
ed temperature at that point reached a certain degree of (up to 3-6°,, Cu) by making successive additions of 
ree supercooling. The identical shape of the super- the alloying clement to the same base metal. 
re, cooling dips observed on the graphs relating to The solidification curves of the three series of 
ra- any one test showed that the kinetics of this re- alloys shows the same appearance as those shown 
rel heating is the same at a point situated near the wall on fig. 3, reproducing some of the curves obtained 
<1 of the crucible or near the centre of the ingot. This with aluminium-copper alloys: 
he result shows that this re-heating is due to the growth (1) Solidification always takes place after a very 
he of crystals close to the couple joint. As a matter of obvious supercooling. 
ch fact, if the re-heating observed at the centre of the (2) The addition of a small amount of alloying 
m metal was due solely to transmission by conductivity element results in an increase in the radius of 
al. of the heat arising from solidification of metal in curvature of the concave portion shown at 
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2 Thermal analysis curves recorded by 3 
couples placed at 10, 35 and 60 mm. from 
the base of a refractory crucible containing 
1,800 g. of pure aluminium. 
cooling : 13°C./min.) 
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3 Thermal analysis curves of aluminium 








the end of the plateau. The higher the 
amount of added element, the greater the 
radius of curvature. But, even in tin alloys 
with 2-7°%, Pb, or 3-1% Bi, and in the 
aluminium alloy with 3-6°, Cu, the solidi- 
fication curve shows a portion practically 
horizontal after the supercooling dip. 


(3) The slope of the straight-line segment which 


follows this concave portion is practically 
the same for a pure metal and for its various 
alloys. 


(4) For most of the alloys investigated, the 


alloys with increasing amounts of copper 


graph shows an anomaly at the eutectic 
temperature, even when the amount of the 
added element is much smaller than its 
solubility in the basic metal: 1-5°%, Cu in 
aluminium (solubility 5-65°,); 0-40% Pb 
in tin (solubility 2-5°,). 


, “He? of solidification of aluminium-copper alloys 
(2% Cu). 


It was required to ascertain to what 


extent the general shape of the alloy cooling curves 
was influenced by the experimental conditions under 


which solidification was done. 


For this reason, 


more particular study has been made of alloys with 
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4 Thermal analysis curve of a sample of 3 g. 








of Al-Cu alloy, with 2°, Cu, cooled in air in 
alumina crucible. (Rate of cooling: 180°C. 
min.) 
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5 Thermal analysis curves recorded by two 
couples placed at 10 and 60 mm. from the 
bottom of a refractory crucible containing 




















1,800 g. of Al-Cu alloy, with 2°.,Cu. (Rate ™ 
of cooling: 13°C./min.) 


about 2°,, copper, this copper content having been 
chosen so as to allow of distinguishing definitely 
when solidification ended by means of the special 
characteristic of eutectic deposit. 

These tests were carried out with changes made 
in the amount of alloy used (3, 60, 1,800 g.) and also 
in the cooling rates, that is, in air (fig. 4) or in the 
furnace. When tests were made with weights of 
1,800 g., cooling curves corresponding to two or 
three different points of the small ingot were 
simultaneously recorded. (Fig. 5.) 

Study of numerous curves obtained during these 
tests shows that the solidification of a 2°,, Cu-Al 
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alloy takes place under the following conditions, 
which can be seen, for example, on fig. 4: 

(1) The beginning of solidification is shown by 
a slight rise in temperature (section bc), after a 
supercooling of 1°C. to 3-5°C. (It can be noted 
that a reheating of 1-7°C. of some aluminium 
corresponds to the heat given off by the solidifica- 
tion of 0-5°,, of this same amount.) This pheno- 
menon can be considered as practically simulta- 
neous in the whole of a volume of the order of a 
dm.,° ignoring the slight gradicnt in temperature 
present during cooling in the liquid state. It seems 
that the smaller the mass of cooling metal, or the 
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6 Autoradiographs taken of samples cooled slowly and then quenched at various intervals of time after nucleation. (a) Quenched 
after 25 sec., (6) after 5-5 muin., (c) after 10 min., (d) completely c i in furnace 





7 Comparison of the macrographic structure (left) and the autoradiograph (right) of a specimen cooled at 6°C./min. Then 
qu:nched during solidification . 15 
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higher rate of cooling, the greater the degree of 
supercooling. 

(2) During the first part of solidification, a large 
fraction of the alloy solidifies at a temperature 
which varies little (section CD) and the heat 
given up to the outside surroundings is due for 
he major part to the latent heat of solidification 
roduced. 

(3) After this first period there is a transitional 
veriod (section de) during which the kinetics of 
olidification and the change of temperature at a 
»oint in the alloy depends on the speed of release of 
alories through the outside surroundings and on 
he total mass of the alloy. 

(4) During the third period of solidification, 
which begins when the largest part of the alloy is 
already solidified, the residual liquid solidifies over a 
large range of temperature (section ef). The heat 
released to the outside surroundings is almost 
entirely caused by cooling of the alloy. 

(5) Solidification is completed by a small deposit 
of eutectic (anomaly fg) which takes place prac- 
tically at the same moment in the whole of a 
volume of the order of 1 dm.® Analysis of the 
curves, obtained during cooling in air or in furnace, 
of small quantities of alloy, shows that the propor- 
tion of eutectic formed is of the order of 3°, in this 
case. This anomaly is generally noticed at a tem- 
perature below that of the eutectic point, the 
miargin reaching as much as some 10° in the case of 
rapid cooling. 





8 Structure of Al-Cu (2°, 


Cu) specimens etched with 3-acid reagent. 
(Right) Cooled at 6°C./min., then quenched during solidification. 
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Autoradiographic examination 

This has been carried out on samples of 
aluminium alloy containing about 2°,, Cu, prepared 
with the help of the apparatus used for thermal 
analysis. About 50 g. of alloy were melted in a 
small nickel crucible and the unprotected joint of a 
chromel-alumel couple was put into the inside of 
the liquid metal. The crucible was allowed to cool 
inside the furnace (6°C./min.) or in air (45°C./min.), 
whilst a recording was made of the cooling tempera- 
ture as indicated by the couple. At a certain stage 
of solidification the alloy was drastically cooled by 
plunging the crucible into salt water to within } in. 
of its top edge. Under these conditions it was 
possible to get an extremely swift solidification of 
the metal which was still liquid at the moment of 
quenching. 

From the alloys, thus solidified, thin sections were 
cut and these were irradiated so as to activate the 
copper, producing radiocopper 64 with a half-life 
of 12-8 h. These samples have enabled auto- 
radiographs to be made showing the distribution of 
copper, as given on figs. 6 and 7. 

Microscopic examination, with a small magni- 
fication, of specimens electrolytically polished and 
lightly etched with Keller reagent, has shown that 
the crystals formed during cooling in the furnace 
were large dendrites visible to the naked eye, the 
branches of which were sufficiently spaced to be 
distinguishable on the autoradiograph. The liquid 
metal still at the moment of quenching was com- 
posed of small dendrites, the details of which were 
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(Left) Specimen cooled in air at 180°C./min. 
< 50 
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below the power of resolution of the autoradio- 
graph. (Fig. 8 (a) ). On this occasion we have been 
able to confirm the observation made by Alexander 
and Rhines,’ according to which the ramification of 
the dendrites is by so much more intense (and, 
consequently, the distance between the branches 
of one same dendrite is by that much smaller) as 
the speed of solidification is so much higher. 
(Fig. 8 (6).) The average width of a dendrite 
branch, measured on specimens cooled at very 
different speeds, is given in the table. 





Time for solidifi- 
cation (between 
supercooling and 


Rate of cooling in 
liquid state 


Mean width 
between branches 





eutectic deposit) (2) 
Very quick (in | A few seconds 10 to 20 
water) 
180°C. /min. 1-65 min. 30 to 40 
Fa! « 23 2 200 
In furnace 250 “ 1,000 





Examination of the autoradiographs leads to the 
following conclusions: (1) At the moment when 
supercooling stops, small crystals are present inside 
the liquid metal. They originate in any points 
whatever, without being helped to nucleate by the 
presence of a nickel crucible (or an aluminium or 
porcelain one, as used in preliminary tests), of the 
couple or of its protective sheath. This result 
confirms and completes observations previously 
made on iron-sulphur and iron-phosphorus alloys." 

(2) The crystals thus formed have a copper 
content much lower than that of the metal still 
liquid at the moment of quenching. 

(3) ‘The autoradiographic image of the samples 
quenched when the temperature indicated by the 
couple had dropped 2°5°C. below the maximum 
temperature recorded at the beginning of solidi- 
fication, is similar to that of the check-samples 
which were cooled in the normal way (micro- 
graphic examination, however, shows in the 
quenched specimen very ramified fine dendrites, 
which are not visible in the specimen completely 
cooled in the furnace). These observations confirm 
that, at the moment when the samples were 
quenched, the core of dendrites was completely 
formed and that the only metal which remained 
liquid was in the inter-dendritic spaces highly 
enriched with copper (about 30°, of the total volume 
of the sample). 


Analysis by Castaing microprobe 
ALUMINIUM-COPPER ALLOYS 
Analyses with the Castaing microprobe have 


been made at different points of six samples of 


aluminium-copper alloys solidified under different 
conditions: two of these specimens, used for auto- 
radiographic study, have been quenched during the 
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process of solidification. These analyses have been 
carried out in two different ways: 

(1) In the usual way with a beam of electrons 
suitably focused (dia. about 1 uw). In this way 
determinations have been made of very localized 
variations of copper concentration inside a dendrite 
branch entirely formed during continuous cooling, 
slow or quick, or inside a dendrite branch the 
growth of which had been interrupted by very 
rapid chilling of the specimen. 

(2) By defocusing the electron beam so as to be 
able to determine the average copper content of a 
volume with a thickness of about ly (penetrative 
power of electrons into specimen) and a circular area 
of 50 to 60 » dia. In this way it has been possible to 
study, in the samples quenched during solidifica- 
tion, the average chemical composition of the 
metal which was still liquid at the moment of 
quenching, in spite of the heterogeneity set up by 
solidification, formation of closely branched den- 
drites. 

to be continued 


Rel ationship between core and case 
rly ten years of research, which indicates that the 
ability of both case and core of carburized steels is 
ual for the proper selection of the optimum grade 
trol of its processing for a specific part, is sum- 
i in a book, ‘ ATLAS, hardenability of carburized 
published by Climax Molytdenum Company, a 

n of American Metal Climax, Inc. 
r many years it was believed that core hardenability 
was needed to ensure adequate case hardenability. 
inch, however, has disproved this concept with 
e that equal additions of carbon do not have the 
effect on the hardenability of base compositions. 
Phis is documented in the new book with more than 125 
harts which show the effect of cooling rates and distance 
from end of specimens on the Rockwell Hardness of a 
number of carbon, molybdenum, nickel-chromium, 

nickel-chremmium-molybdenum and other steels. 


Blanket for ‘ Bluebird’ 

One of the problems confronting the designers of 
Donald Campbell’s new Bluebird was that of protecting 
the structure from the heat of the gas jet, the temperature 
of which is about 500°C. This is only a few degrees 
below the melting point of the light alloy of which the 
car is made. An efficient and light-weight insulation to 
fit round the jet pipes was provided by ‘ Refrasil,’ a 
material that has been used increasingly over the last five 
years in most British and European jet aircraft. 

‘ Refrasil,, made by the Chemical and Insulating 
Company and marketed by the British Refrasil Company, 
both members of the Darlington Group, is a virtually 
pure silica fibre which looks like glass fibre and comes in 
the same form. It has a melting point half as high again 
as that of mild steel with a very low thermal conductivity. 

On Bluebird the saving of weight is imperative and as a 
fixed insulation was possible, an integral blanket is fitted 
in which the batt, or felt, is enclosed between an outer 
skin and the component itself, which acts as an inner skin. 
The skin is made of 0-007 in. plain and dimpled stainless 
steel and the insulation filling is three layers of batt inter- 
leaved with Alfol in sheet form. This fits closely round 
the four-branched exhaust, which passes above and 
below the rear wheel driving shafts. 
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Electrothermal stress relieving 


Treatment of So ft. fabricated bridge girders 


STRESS RELIEVING of very large or long welded 
fabrications can present quite a problem if suitable 
irnace accommodation is not available. This dif- 
culty arose recently after the fabrication of four 
1uge steel girders at the Chepstow works of the 
Fairfield Shipbuilding and Engineering Co. Ltd. 
for the new Kuncorn-Widnes road bridge, which 
will ultimately replace the existing transporter 
bridge. 

Some idea of the size and design of these girders 
may be gathered from the illustrations. Each com- 
pleted girder was approximately 80 ft. long by 6 ft. 
high and weighed in the region of 14 tons: they 
were welded fabrications constructed with j-in. 
thick webs and 1}-in. thick flanges, and stiffened at 
regular intervals with 8- by 34- by }-in. angles. For 
convenience of manufacture each girder was fabri- 
cated in two separate 40-ft. lengths, which were then 
joined by welding to produce the complete 80-ft. 
girder. 


































As these girders will carry most of the load, very 
strict specifications were laid down regarding the 
stress relief procedure for the weld joining the halves 
of the girders. These were as follows: (1) heat to 
650°C. at a speed not exceeding 150°C. h., (2) soak 
for a period equal to | h. in. of the thickest part 
of the heated area, (3) cool to 350°C. at a rate not 
exceeding 100°C. h. and (4) allow to cool naturally 
to room temperature. 


Flexible furnaces 

No conventional furnaces capable of accom- 
modating such large girders were available at the 
Chepstow works and Electrothermal Engineering 
Ltd. were invited to undertake the stress-relieving 
operation, using their ‘ Flexible Furnaces.’ These 
are, in effect, mats composed of ceramic beads 
threaded on ‘ hairpins’ of nickel alloy resistance 
wire: the latter are linked together to provide a 
series of electrical circuits capable of giving a 
maximum mat surface temperature of 1,000°C. 
Each circuit is provided with flexible leads, and by 
bringing in or cutting out circuits it is possible to 


1 vert ‘Flexible Furnace’ in position on girder 


2 BELOW The prime lagging being applied to upper face 
of girder 
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control the mat temperature to close limits. The 
mats are very flexible, and in one direction can be 
bent to a minimum radius of | in.; thus they may 
be wrapped around the edges of plate, etc., without 
difficulty (fig. 1). 


Problems involved 


Before commencing the treatment it was necessary 
to give careful consideration to certain problems 
arising from the close temperature cycle specifica- 
tions, the considerable mass of metal involved and, 
in particular, the large surface area from which heat 
could be readily dissipated. In particular, it was 
necessary to determine (1) the amount of heat input 
required, (2) the power necessary to provide this 
heat and (3) the amount of lagging necessary to 
conserve the heat input. Also, because of the weight 
and size of the girders, the services of two cranes 
were required each time they were moved: con- 
sequently, forward planning of the movement of 
girders was essential because the cranes were also 
employed on normal shop work and were not always 
readily available. 

Heat input. With regard to the question of heat 
input, while it was known that the flexible furnaces 
were capable of producing a maximum temperature 
of 1,000°C. and could dissipate 50 W. sq. in. it 
was appreciated that they would have to be con- 
siderably underrun in order to keep to the speci- 
fications. In fact, the density actually employed was 
well under 25 W. sq. in. 

Power supply. The power for heating purposes 
was supplied by two standard 300-amp. quasi-arc 
and two English Electric 350-amp. welding trans- 
formers; these are continuous rating amperage 
figures. By means of a standard earth clamp the 
end of each transformer lead was connected to a 
copper busbar, to which were attached leads from 
several mats. As the attachment was made by means 
of nuts and bolts, it was an easy matter to disconnect 
or connect leads in order to lower or increase the 
temperature in any particular area as the need arose. 

Thermal insulation. Four-inch thick slab-type 
thermal insulation material was employed for lagging 
purposes. Two types were used, the prime lagging 
(adjacent to the metal surface) being capable of 
efficient results at temperatures up to approximately 
800°C.; the outer or secondary lagging was also 
extremely efficient, but had an upper limiting tem- 
perature of about 500 to 600 C. 


Before commencing the lagging operation it was 
necessary to decide the size of the area to be lagged, 
the number and position of the heating mats, and 
the number and position of the thermocouples to 
be used for temperature control purposes. These 
details were then marked on the girder. 

It was decided that a minimum distance of 3 ft. 
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on each side of the weld should be lagged, and prime 
lagging was applied to the underside of the girder 
and to the inside of the flanges (on top of the mats 
and thermocouples), and secondary lagging then 
added with the girder in the vertical position, the 
lagging being held in position by means of boards 
and wire rope. The girder was then turned through 
90 deg. to the position seen in fig. 2, and the upper 
surface lagged in a similar manner, the total thick- 
ness of lagging being in the region of 16 in. 

Temperature recording. The flexible furnaces were 
positioned under the prime lagging, and at strategic 
positions under the mats were thermocouples con- 
nected to Type 800 ether temperature recorders. 
Special precautions were taken to ensure the uni- 
formity of all the thermocouples: for this reason 
they were immersed in boiling water and the 
recorders checked to ensure that each gave a reading 
of exactly 100 C. This was considered a sufficiently 
good check that they were all accurately matched. 
It was, of course, also essential to ensure that all the 
leads were exactly the same length, in this case 
15 ft 

It should be noted that the thermocouples not 
mily | ded a means of recording the temperature 
in the areas concerned, but were also used to monitor 
the mats or sections of mats. In other words, the 
operator watching the recorders could predetermine 
whether the temperature in any particular area under 
treatment should be increased or decreased. This 
was achieved by carefully studying the general trend 
of the curves, and from this information deter- 

ining what would happen in the near future. 

In all, 17 thermocouples were positioned at various 
points around each girder, some in contact with the 
metal surface and others buried in the lagging. By 
this means very useful information was obtained 
relating to the temperature gradients along the 
girder and also through the lagging. 





Temperature control 


Control of the heat input in order to comply with 
the specification cycle was achieved by varying the 
amperage output of each transformer, and at the 
switch-on stage the tappings were the lowest 
possible obtainable. 


The voltage and amperage readings were made in 
the conventional manner, using voltmeters and tong 
testers. Bearing in mind that welding sets by 
different manufacturers and of varying age have 
different drooping characteristics, all measurements 
were taken at the terminals of the flexible furnaces. 

Any tendency for one area to heat more rapidly 
than another was corrected without difficulty merely 
by cutting out of circuit the appropriate mats or 
sections of mats, and thus it was comparatively easy 
to ensure uniform heating over the entire weld area. 
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3 Typical temperature record during a heat-treatment cycle. 
Controlling individual mats enables all six readings to be 
kept umiform 


The general rise in temperature during heating 
was maintained closely to specification requirements 
by stepping up the output of the power sources to 
suit the readings shown on the recorders, at the 
same time adjusting any local difference in the 
manner just described. When the temperature in all 
areas reached approximately 575°C., 1.e. about 75 
below soaking temperature, the voltage and am- 
perage output of the sets were reduced in order to 
avoid any chance of over-shooting the maximum 
temperature. It was found that interpretation of the 
curves shown on the recorders enabled the operators 
to predetermine very accurately the change of 
settings required. 
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Soaking was achieved comparatively easily, and 
the subsequent cooling-down stage amounted to 
little more than intelligent interpretation of the 
recordings. During the stage of cooling from 650 
to 350°C. the furnaces were switched on and off as 
necessary to maintain a steady rate of cooling in 
each area; this uniformity of cooling was made 
possible by the fact that each heater could be in- 
dependently controlled. When the temperature had 
fallen to 350°C. all heaters were switched off and 
the entire assembly allowed to cool naturally without 
disturbing the lagging. 

After the cycle had been in operation for some 
time, heat rising from the lower portion of the 
vertical flanges increased the rate of heating of the 
upper portion. For this reason it was essential to 
be able to control the heating of these upper surfaces 
by putting the appropriate mats out of circuit until 
the temperature was uniform throughout the entire 
flange, as shown by the thermocouple readings. 

The very accurate control of temperature achieved 
at all stages was undoubtedly influenced consider- 
ably by the careful attention paid to the lagging 
operations. Heat losses were minimized, thereby 
conserving energy input and, more important, tem- 
perature gradients through the girders were com- 
paratively small. In view of the size of the girders, 
the mass involved and the considerable surface area, 
problems could readily have arisen if the lagging 
had been skimped or done carelessly, and a good 
deal of the success of the heat treatment of these 
girders was definitely attributable to the amount of 
time and forward planning given to the question of 
thermal insulation. 


Typical treatment cycle 


Fig. 3 is an actual temperature recording made 
during a heat-treatment cycle. It will be seen that 
at the commencement of the cycle the rate of tem- 
perature increase was slower than that called for 
by the specification (150°C.). This was done 
deliberately, since, on switching on, a number of 
things happen before the heat is being actually 
transferred to the girders in a manner which will 
give a good heat treatment throughout the cycle. 
The slowness of heat input resulting from passing 
only a very small amperage through the mats pro- 
vided a fair amount of time for the thermal inertia of 
the flexible furnace, the lagging and girder to be 
overcome, and reduced to an absolute minimum the 
possibility of major temperature gradients from one 
face of the girder to another, or from one side of the 
flanges to the other. 

After running the heaters up to about 200°C., 
the rate of temperature rise becomes rather more 
rapid, but still within specification limits. Up to 
650°C. it will be seen that, by and large, all the 
curves are well within the specified 150°C. ‘/h. 
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Fully automatic heat treatment 


Installation at British Timken’s Daventry Works 


BRITAIN’S FIRST completely automatic heat-treat- 
ment line for carburizing, annealing, hardening and 
tempering has been installed by AEI-Birlec Ltd. 
at British Timken’s Daventry East Works. The 
equipment has been built primarily for the heat 
treatment of tapered roller bearing cups and cones 
for vacuum brake rolling stock required under the 
railway modernization scheme. 

The processes, which are in automatic sequence, 
are performed in four Birlec furnaces. The furnaces 
are linked by mechanical and hydraulic handling 
devices designed by British Timken to meet their 
specific requirements. The installation performs 
the following processes: (1) Gas carburizing; (2 
sub-critical annealing; (3) hardening; and (4 
tempering. 

Prior to heat treatment, cups and cones are stored 
in multiple units. From there they pass through a 
washing machine to the furnace operator’s loading 
station. The components are loaded by hand on to 
locating fixtures manufactured from high-grade 
cast nickel-chromium alloy. The loaded fixtures 
are assembled four at a time on nickel-chromium 
trays, three of which form a furnace charge at 
every loading sequence. Once the components are 
loaded on to the trays, their progress through the 
complete heat-treatment cycle is fully automatic. 
No further manual operations are required until 


Birlec gas-fired triple-track 
pusher-type furnace rated at 
3,500 cu. ft. h. and leading into a 
single track with intermittent 
pusher furnace. 

Installed at the Daventry Works of 
British Timken, Diviston of the 
Timken Roller Bearing Co., 

it ts part of the continuous 

line for tempering, 

annealing and hardening bearings 


the components are unloaded on emergence from 
the tempering furnace. 


Continuous gas carburizing furnace 

Three loaded trays simultaneously enter the vesti- 
bule of a continuous carburizing furnace. The 
furnace is heated by gas-fired radiant tubes arranged 
in four zones, each under independent and auto- 
matic temperature control. The first of these is a 
heating zone, the middle two are soaking zones, 
and the fourth is a diffusion zone. The total cycle 
time in the heating chamber is 24 h., and the furnace 
has a capacity of approximately 500 Ib. h. 

A controlled carburizing atmosphere is supplied 
to the furnace by an adjacent Birlec endothermic 
generating plant. Propane enrichment of the atmo- 
sphere is regulated by a Foxboro-Yoxall dewpoint 
controller. 

The trayloads of bearing cups and cones that 
comprise a furnace charge are aligned along a triple 
track. They progress through the furnace by a 


sequence of synchronized pushes from hydraulic 
cylinder mechanisms located at the charge end of 
the furnace. Whilst, at present, identical time cycles 
operate on the three tracks, appropriate sequence 
equipment has been incorporated to enable dif- 
ferent time cycles to be used on the individual 
tracks. 
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The heating chamber is 31 ft. 6 in. in length and 
has a cross-section measuring 6 ft. 4 in. wide by 
1 ft. 6 in. high. Safety features have been provided 
so that, in the event of a power failure, the outer 
furnace doors rise automatically and the furnace is 
shut down in a ‘ fail-safe ’ manner. 

At the discharge end of the furnace a further 
hydraulic pusher moves one tray at a time in 
sequence from the three tracks on to a platform. 
The platform is then lowered automatically into an 
oil tank to quench the charge. Next, the loaded tray 
is transferred by a motor-driven chain conveyor 
through a washing station. After passing through the 
two compartments of the station, one for spray wash 
and the other for a hot-water rinse, the work tray is 
transferred automatically to the loading mechanism 
of the sub-critical annealing furnace. 


Sub-critical annealing furnace 

The second furnace in the installation, for sub- 
critical annealing, is an electrically heated pusher- 
type furnace. Rated at 145 kW., it is heated by 
wall-mounted tape elements arranged in three zones. 
Cups and cones are annealed in the furnace 
governed by the automatic cycle of the carburizing 
furnace. An exothermic generating plant supplies a 
protective atmosphere to the heating chamber. 
After annealing, the trays are discharged singly from 
the furnace and quenched, washed, rinsed and dried 
in a manner identical to that employed for car- 
burizing. 

At this stage in the heat-treatment cycle the 
components are ‘ de-stacked’ from the tray and 
delivered to conveyors loading the hardening fur- 
nace. ‘ De-stacking’ is performed by two sets of 
air-operated fingers projecting from an overhead 


48 kW. Birlec slat-conveyor tempering furnace 
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trolley. The stacks of cups and cones are lifted off 
the tray fixtures and released in pairs on the con- 
veyors. In the second stage of this operation the 
turntable supporting the tray is rotated through 
180°. The trays and fixtures thus emptied are 
returned to the charge end of the carburizing fur- 
nace by a chain-driven pusher and conveyor. 


Hardening furnace 

Bearing ring components after sub-critical anneal- 
ing in the pusher furnace are transferred to a Birlec 
roller-hearth furnace for hardening. The conveyors 
feeding the hardening furnace each carry forward a 
component which is deposited on the furnace track 
by a twin lever mechanism synchronized with the 
opening of the charging door. 

The heating chamber, which measures 18 ft. long 
internally, is electrically heated by nickel-chromium 
alloy tape elements in the roof and by cast grids 
in the hearth. There are two heating zones in the 
furnace, with a total rating of 120 kW., and each 
component completes the hardening cycle in 
approximately an hour. The furnace is provided 
with an atmosphere from an adjacent endothermic 
generating plant of a type similar to that feeding the 
carburizing furnace. 

The rollers forming the hearth of the furnace 
are arranged in a number of sections. Each section 
is individually driven from a main shaft running 
longitudinally at one side of the furnace, just above 
floor level. At the discharge end of the furnace 
the last section of rollers is fitted with an over- 
drive for fast discharge. Two photo-cell units 
control the operation of the fast roller-drive gear 
and the discharge door. On completion of the 
necessary soaking time in the hardening furnace, 


120-kW’. roller-hearth hardening furnace at Daventry 
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the discharge door is opened to allow a pair of 
components, as detected by the photo cell, to be 
discharged by the fast rollers. On emergence the 
components are turned by deflecting ploughs 
through 45° to a pair of jig quench machines. 

Pneumatic devices position the components 
against adjustable stops on the quench plates of 
these machines. Controlled quenches are then per- 
formed by the operation of air-hydraulic rams carry- 
ing jig plugs. These locate in the bores of the 
components during quenching and minimize dis- 
tortion during the operation. A high rate of flow of 
quench oil is maintained for a predetermined period. 
The press ram then rises and the components are 
discharged along chutes and conveyors to a further 
washing machine. 


Tempering furnace 

After washing, cups and cones are aligned in a 
mechanized handling device which feeds the com- 
ponents across the width of a continuous tempering 
furnace. This device positions the cones inside the 
cups before entering the furnace. 

Tempering, which is the final stage of the heat- 
treatment operation, is carried out in a continuous 
Birlec slat-conveyor furnace rated at 48 kW. The 
furnace chamber, 15 ft. in length, is heated by 
special electric elements fitted in the side walls and 
arranged in two zones. ; 

Components travel through the furnace on a series 
of steel slats supported by roller chains which 
engage sprockets at the ends of the frame. To 
promote convection heating, the slats are perforated 
and a vigorous air flow through the load is main- 
tained by four roof-mounted fans. At the discharge 
end of this furnace, cups and cones are separated 
by another handling unit which so positions the 
components that they fall into two separate chutes. 
From these positions the components are fed on to 
two wire-mesh belt conveyors to stacker storage 
units identical to those proceeding the heat-treat- 
ment line. These units provide the storage of com- 
ponents prior to grinding. 


Auxiliary services 

By the correct selection of quenching operations 
with this continuous installation of atmosphere 
furnaces it has been possible to minimize the forma- 
tion of scale on components during heat treatment 
so that there is no necessity for any form of shot- 
blasting operation. Furthermore, by incorporating 
washing, rinsing and drying operations, degreasing 
of components has been avoided. 

The supply of quenching oil to the three quenches 
in this installation, as well as to the roller heat- 
treatment installation, is obtained from an oil service 
house with three 6,000-gal. capacity oil tanks. 
Thermostatically-controlled Heanan and Proude 
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New air hardening steel 


A NEW STEEL, ‘ Airque V,’ has been developed by 
Braeburn Alloy Steel Corp., Braeburn, Pa., U.S.A., 
to increase the wear resistance of the A-2 (5°, 
chromium) air hardening steels. 

Already in use for gauges, slitters and knives, 
dies (thread rolling, powder metal, stamping, 
forming and trim), and similar purposes, it has 
also seen service for diesel engine injection plungers. 
Other suggested uses include press forging die 
inserts, grinding machine spindles, machine ways, 
and swaging dies. 


Air hardening 

Optimum hardening temperature is 980°C., 
slightly higher than the AISI Grade A-2 which 
was its progenitor. And the alloy hardens in air, 
even in fairly large sections. Still air will suffice 
in sections up to about 5 in. thick; an air blast may 
be used on heavier sections (a 5-in. cube will 
harden in still air to about 60 Rockwell C). 

Usual heating methods—atmosphere, salt bath, 
or pack—can be used; a 650°C. pre-heat is recom- 
mended. Tempering (double tempering is best) 
will require 150°C. to 650°C., depending on hard- 
ness and shock resistance required. 

Distortion on hardening of the new alloy is 
about the same as the A-2 grades. And expansion 
is substantially the same across and with the grain. 

Airgue V has this typical °., analysis: 


Carbon ne es 1-25 
Manganese .. 0-50 
Silicon 0-30 
Chromium .. 5-25 
Molybdenum 1-15 
Vanadium 1-00 


Principal difference between the new alloy and 
Braeburn’s A-2 analysis (called Airque): Increased 
concentration of carbon and vanadium. Result of 
the changes: Increased hardness at all tempering 
temperatures (difference ranges from | to 3 points 
on the Rockwell C scale) and an increase of 11°C. 
in the optimum hardening temperature. And it 
has less tendency to retain austenite on moderate 
overheating. 


coolers mounted on the roof maintain the correct 
oil temperature. 

Throughout the whole of this installation and the 
roller heat-treatment installation the extraction of 
fumes and waste gases from the furnaces and 
washing machines has been afforded by a system of 
exhaust trunking supplied by the Modern Air Co., 
of Leicester. This trunking unites all points of 
fumes and gas escapement in the installation to a 
common junction, and thence to a fan unit mounted 
on the roof of the oil service house. 
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Research for the engineering industry 

THE NATIONAL ENGINEERING LABORATORY is giving 
priority to research on industrial problems of immediate 
importance, including investigations in the machine-tool 
field, the development of hydrostatic power trans- 
missions, and work on the cold extrusion of steel. 

Inaccuracies in machine tools can be greatly reduced 
using moiré fringe techniques. Developed jointly by the 
National Engineering Laboratory and the National 
Physical Laboratory, the system can be applied to measure 
the errors in the movement of the machine and to control 
the movements. 

The error signal obtained with this technique can be 
fed into a servo-system and correcting mechanism to 
reduce errors in relative movement continuously and 
automatically; in an experimental rig at NEL incorporating 
a worm and worm-wheel drive, errors in transmission of 
uniform relative motion have been reduced by a factor of 
twenty. NEL has collaborated with David Brown Industries 
Ltd. in applying such an error-correcting system to the 
final table drive of a 30-in. gear hobbing machine. This 
machine and gears of much improved accuracy produced 
on it was on show at the International Machine Tool 
Exhibition at Olympia last month. 


New eating places for Britain’s travellers 

The ‘ Little Chef,’ a completely self-contained catering 
unit, has recently been introduced to the U.K. by Diners 
Ltd. 

The unit, which is built on a heavy steel chassis, con- 
sists of a completely prefabricated permanent building of 
steel and aluminium, containing stainless steel kitchen 
catering and snack bar equipment. 

Being a prefabricated building, the ‘ Little Chef’ can 
be moved to a prepared site (concrete foundation with 
drainage and main services already provided) and in a 
matter of hours is off-loaded, connected up and in full 
operation. 

All types of grills, freshly fried potatoes, toasted or 
plain sandwiches, hot and cold beverages, cold meats and 
salad dishes will be served. All food storage is refri- 
gerated, including the sandwich display unit. 

The first unit has been put into service at a site at 
Tilehurst, Reading, and it is hoped to develop at a 
present rate of two or three a week, increasing as demand 
requires it 


China orders British equipment 

China has placed another order to the value of £8,000 
for six gas-liquid chromatographic analysis apparatus 
manufactured by Griffin & George Ltd., Alperton, 
Middlesex. This is the second large order to be received 
from China in 12 months, making the number of these 
instruments now in use in China nine. 


Cold extrusion of steel 
The production of pins, sparking-plug bodies, ball-race 
housings and other hollow components by extrusion from 
an unheated steel billet has the advantages of a high 
production rate, good surface finish, and enhanced 
mechanical properties as a result of cold working of the 
metal. Machining is reduced, and may be eliminated with 
certain components. In many cases this would save up 
to 70°, in material otherwise lost by machining. 

Cold extrusion has been used very little in Britain, 
although the process has been carried out extensively in 
Germany and the usa. One of the reasons has been the 
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shortage of information on design procedures. Com- 
prehensive data are now available from NEL on the effect of 
different process variables on the pressures required to 
extrude various products in a wide range of low carbon 
and alloy steels. Information is also available on the flow 
of metal during extrusion and on the properties of the 
extruded product. Several British firms are now trying 
cold extrusion of steel as a production process. The 
information available enables NEL to advise on the extru- 
sion conditions for particular products and the design of 
appropriate tooling. 


New physics laboratory at Oxford 

A fundamental and rewarding field of research in 
physics at the present time is the behaviour of materials 
at very low temperatures. Investigations of this kind are 
an important aspect of the programme of research at the 
Clarendon Laboratory of Oxford University, where 
Professor B. Bleaney, F.R.S., is Dr. Lee’s Professor of 
Experimenta! Philosophy. 

A sphere of especial importance is the variation in the 
magnetic properties of materials at near the absolute zero 
of temperature and Dr. Nicholas Kurti, F.R.s., of the 
Clarendon Laboratory, is particularly concerned with 
investigations of this nature. To extend the University’s 
efforts in this direction a new laboratory is to be built for 
the purpose and Mullard Ltd. have made a grant of 
£25,000 towards the cost of this new building. The new 
laboratory will be known as the Mullard Cryomagnetics 
Laboratory. 


This section of a blast-furnace connecting main for the 
extension to the Irlam Steel Works of the Lancashire 
Steel Corporation is being fabricated at the works of Pearson 
& Knowles Engineering Co. Lid., Warrington, using 


English Electric ‘Enrox’ electrodes and welding equipment 
‘Enrox’ is a general-purpose, mild-steel electrode suitable for 
welding into any position 
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Lectures and conferences 

Conference on quality control 

An international conference on the subject of quality 
control will take place at Church House, Westmunster, 
on September 1, 2 and 3, when some of the world’s 
leading authorities on quality contro! will ay ee 

The conference, annual event of the European Organi- 
zation for Quality Control, will be opened by Mr. 
Frederick Erroll, Minister of State, Board of Trade, 
supported by Sir Bertram Waring, chairman and manag- 
ing director of Joseph Lucas Ltd., and deputy chairman 
of the British Productivity Council. 

Eleven papers are to be presented at the conference by 
leading specialists from Britain, America, Germany, 
Holland, France, Belgium and Italy. 

Countries sending delegates include Germany, Holland, 
Belgium, Canada, Denmark, Czechoslovakia, Finland, 
India, Spain, Sweden, Switzerland and the U.S. In- 
quiries have been received also from a number of other 
countries including Russia and Japan. 


Courses 


A vacation course on ‘The transformation of austenite,’ 
will be held at the Metallurgy Department of the Battersea 
College of Technology on September 27-30. Fee £12 12s. 
(inclusive of luncheon, morning and afternoon refresh- 
ment.) Enrolment forms may be obtained from the 
Secretary (Metallurgy Courses), Battersea College of 
Technology, London, S.W.11. 

The following evening courses are announced by the 
Borough Polytechnic, Borough Road, London, S.E.1, 
Division of Metal Science. 

Refractories, their manufacture, properties and uses. 
Beginning on Friday, October 7, from 7 to 9 p.m. 10 
meetings. Lecturer, Mr. L. R. Barrett, M.A., B.SC., M.S., 
A.R.L.C., M.INST.F., M.INST.CERAM. 

Metallurgy of semi-conductors. Beginning on Tuesday, 
October 25, from 7 to 9 p.m. 8 meetings. Lecturer, 
Mr. A. S. Abrahams M.A.(CANTAB.), A.I.M. 


United Steel’s university scholarship scheme 


The United Steel Companies Ltd. are to offer up to 
ten university scholarships each year, tenable at any 
university in the United Kingdom. Each scholarship will 
be worth £500 per annum and its value will not be 
affected by parental income. 

The scholarships will be offered to boys proceeding to a 
university to take full-time courses leading to approved 
degrees in appropriate branches of science or engineering. 
The company is also prepared to consider a limited 
number of applications from students of non-science 
subjects, recognizing that there is a place in industrial 
management for the good arts graduate. 


Metal-fabricated nuclear components pass 

$100 million sales mark 

Sales of metal-fabricated nuclear reactor components 
and equipment are estimated to have reached $101-9 
million in 1958 according to statistics just released by the 
Atomic Industrial Forum, the association of the nuclear 
industry, in a special report entitled: Business Statistics 
on the Atomic Industry, 1954-1958. This estimate was 
projected from reported 1958 sales included in an AIF 
survey, which developed data on U.S. atomic industry 
sales of nuclear reactors, components, materials and 
services to government, industry and overseas markets 
for the five years from 1954 thro 1958. The total 


sales estimated for the period for all the foregoing cate- 
gories amounted to approximately $1-5 billion, projected 
from a $933 million total reported by close to 200 firms 
responding to the poll. 
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NEW FILMS 


Lead the enduring metal 


INTENDED to interest non-technical audiences, a film has 
been designed to offer general information on lead. 
After briefly tracing its history and ancient usage, there 
is a description of the metal’s occurrence in the world 
today and how it is mined, smelted and refined. 

main sequences demonstrate the versatile role 
played by lead in the modern world and deal with applica- 
tions which include sheet and pipe for building, paints, 
chemical engineering, lead shot, grids and oxides for 
storage batteries, type metals for printing, solder, electric 
cable sheaths and lead glass 


Lead’s enduring properties and its well-known ability 
to resist corrosion are demonstrated in connection with 
its use in several fields. The metal’s power to protect 
against harmful radiation hazards is described with 
particular reference to hospital and atomic energy plant 
and equipment. A closing sequence suggests that further 
new uses for lead will evolve as scientific discovery 
progresses. 

Copies of the film (16 mm., 28 min., sound, colour) 
are loaned free of charge on application being made to 
the Lead Development Association, 18 Adam Street, 
London, W.C.2. 


Advances in mechanical handling 
A new 16-mm. sound colour film, ‘ Accent on Mechanical 
Handling,’ had its first showing in London recently. 
Based upon sequences taken at recent mechanical 
handling exhibitions, the film depicts one or more 
examples of each of the various classes of mechanical- 
handling equipment. 
The film is available free on loan from ‘ Mechanical 
Handling,’ Dorset House, Stamford Street, London, 
S.E.1. 


* Stone into steel’ wins premier award at Venice 
The United Steel Companies Ltd. have gained the 
premier award at the Venice Film Festival with their 
film ‘ Stone into steel’ out of a total entry of 240 films 
from all over the world. Featuring the works of Appleby- 
Frodingham Steel Company, this colour documentary has 
no spoken commentary but the dramatic effect is 
heightened by a specially-composed musical score. The 
Golden Mercury trophy was presented to the producer, 
Mr. A. Frank Bundy, of Wallace Productions, by the 
President of the Venice Chamber of Commerce on 
July 30. 

Copies of * Stone into steel ’ in 16 mm. and 35 mm. are 
available on free loan on application to the public relations 
department of United Steel. 


Die lubricant film 


Graphoidal Developments Ltd. was formed two years 
ago to develop a new process of producing colloidal 
graphite dispersions, with the view to considerably 
speeding up the rate of production of this material and to 
lowering the cost of the finished product. 

This object having been achieved, it is now possible for 
them to produce the dispersion for forging within twenty- 
four hours. Particular attention has been given to the 
application of a material suitable for the forging industry. 

The company is at present engaged in the production 
of an 8 mm. colour ciné film intended to show some of the 


advantages obtained by the use of colloidal graphite as a 
die lubricant. 
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PEOPLE 


AT A MEETING of the Council of the Iron and Steel 
Institute held on July 13, 1960, it was agreed unanimously 
to propose Sir Charles Goodeve, 0.B.E., D.SC., F.R.S., 
for nomination as president-elect of the Institute at the 
autumn general meeting in November. Sir Charles will 
succeed Mr. W. F. Cartwright as president at the annual 
general meeting in May, 1961, and will thus be in office 
at the time of the Institute’s proposed special meeting 
in the U.S.A. in October, 1961. 

Charles Frederick Goodeve was born in Canada in 1904. 
He graduated at Manitoba University in 1919, where 
he carried out research on electrochemistry. In 1927 he 
was awarded a scholarship to University College, London, 
where he was appointed lecturer in physical chemistry in 
1930 and reader in chemistry in 1937. 

During World War II he served in the Royal Navy. 
He played an important part in countering the magnetic 
mine, and later developed and produced the ‘ Hedgehog’ 
anti-submarine weapon. From 1942, as a deputy con- 
troller, he was in effective control of the whole research 
and development programme of the Royal Navy, and it 
was for his services in this connection that he was knighted 
in January, 1946. 

Sir Charles left the Admiralty to become director of 
BISRA On its foundation in 1945. He has succeeded in 
combining his administrative duties with original research, 
and has made significant contributions to knowledge of the 
physical chemistry of metallurgical processes. He was 
president of the Faraday Society from 1950 to 1952 and 
president of the chemistry section of the British Associa- 
tion in 1956. In 1958-59 he was Master of the Worshipful 
Company of Salters. Sir Charles, who was elected a 
Fellow of the Royal Society in 1940, received the honorary 
degrees of Doctor of Science from the University of 
Manitoba in 1946 and from the University of Sheffield 
in 1956. 


The Aluminium Development Association announces 
that General Sir Geoffrey Bourne, K.c.B., K.B.E., 
C.M.G., has been appointed director-general to succeed 
Air Commodore W. Helmore, c.B.£., who recently retired 
after 14 years as director-general of the Association. 

General Bourne has been A.D.C.-General to the Queen 
since 1959. He was educated at Rugby and the Royal 
Military Academy, Woolwich, and was commissioned 
into the Royal Artillery in 1923. After a distinguished 
war record he became G.O.C. Berlin (British Sector) 
1949-51 and was Commandant of the Imperial Defence 
College 1958-59. 


Dr. J. C. Hudson, D.SC., D.1.C., A.R.C.S., F.1.M., who has 
been in charge of the British Iron and Steel Research 
Association’s research on corrosion for the last 15 years— 
ever since the formation of the Association in 1945—will 
be retiring at the end of this month. He will, however, 
continue to have very close ties with the Association, 
since he has agreed to act as consultant to both the 
Corrosion Advice Bureau and the Chemistry Department. 

Dr. Hudson was educated at Brighton College and at 
the Royal College of Science, to which he obtained a 
Royal scholarship in 1920. After taking his degree and 
associateship, he undertook research in physical chemistry. 
His first appointment was with the Atmospheric Cor- 
rosion Sub-Committee of the British Non-Ferrous Metals 
Research Association, where he worked in close associa- 
tion with Dr. W. H. J. Vernon, 0.8.2. As a result of 
this work he was awarded the D.Sc. degree of the 
University of London. Then in 1929 he became in- 
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vestigator to the newly formed Corrosion Committee of 
the Iron and Steel Institute, since taken over by BISRA, 
and has continued in this post until now. He has also 
served as head of BisraA’s Corrosion Advice Bureau since 
its formation in 1954. 

Dr. Hudson has recently received two major awards in 
recognition of his contributions to corrosion engineering 
and ferrous metallurgy—the Frank Newman Speller 
Award for 1959 from the American National Association 
of Corrosion Engineers and the Sir Robert Hadfield 
Bronze Medal for 1960 from the Iron and Steel Institute. 


The Council of the Institution of Production Engineers 
has approved the award for the year 1958-59 of the 
Silver Medal for the best paper presented to a section or 
region of the Institution by a member to Mr. S. G. E. 
Nash, A.F.R.AE.S., M.I.PROD.E., head of materials labora- 
tories, Bristol Aircraft Ltd., for his paper on ‘ Metallic 
materials and process development for aircraft applica- 
tions.’ 

Mr. Nash commenced his engineering career in 1926 
as an apprentice at the Royal Aircraft Establishment. 
In 1932 he joined the Bristol Aeroplane Co. as a test 
assistant, specializing later in mechanical testing and 
the application of materials. ‘n 1944 he became the first 
head of the company’s Aircraft Division structural re- 
search laboratory and, in 1950, quality manager. A 
return to development work followed in 1954 and in 1957 
he became chief development engineer (metals). He took 
up his present position in 1958. 

Since his election to membership of the Institution 
of Production Engineers in 1952 Mr. Nash has served 
more or less continuously on the Research and Technical 
Committee and is vice-chairman of its Material Utilization 
Committee. He also represents the Institution on several 
B.S.1. and other committees. 


Mr. Richard Miles retired as chairman and managing 
director of Head Wrightson in January and has recently 
been given a presentation to mark his retirement by the 
board, staff and work people at the head office in Thornaby. 

Mr. Miles joined the company in 1932 and was chair- 
man and managing director for 10 years. He has been 
an active member of a number of national committees, 
including the Institute of British Foundrymen, Federation 
of British Industries, British Steel Founders’ Association, 
British Engineers’ Association, British Welding Research 
Association and many others, and was a director of the 
Nuclear Power Plant Co., National Research Develop- 
ment Corporation, F.C. Construction Co. and Franco 
Signs Ltd. and a number of Head Wrightson sub- 
sidiaries at home and abroed. 


Head Wrightson & Co. Ltd. announces the oe 
appointments among its ew ae nies: Mr. 
Jones to be director of Head Wrightson 
Stampings Ltd., W. H. Mather as managing 
director and Mr. G. Gowtherp as commercial director 
of the Head Wrightson Machine ¢ Co. Ltd. 


Paul Granby & Co. Ltd. announces the appointment of 
Mr. S. C. Winfield-Smith, p.s.0., as representative 
in the Midland area for the sale of all types of hot- forging 
equipment manufactured by Hasenclever, Lasco and 
Peddinghaus, sheet-metal working machinery made by 
Lasco, Wilhelmsburger and Verson, cold-rolling mills 
manufactured by Schmitz, and all presses and cold- 
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extrusion equipment made by Verson Allisteel Press Co., 
Chicago, U.S.A 


Mr. H. Roy Thielé has been appointed as deputy to 
the advertising manager of the Morgan Crucible Co. Ltd. 

Mr. Thielé was for many years personal assistant to 
the advertising manager of the Champion Sparking Plug 
Co. Ltd. 


Mr. T. C. Bailey, sales manager, Industrial Fuels, 
Shell-Mex and B.P. Ltd., has retired and been succeeded 
by Mr. E. Rendall, divisional manager, North-Eastern 
Division, Leeds. Mr. A. G. Simon, sales manager, 
Irish Shell Ltd., is appointed divisional manager, North- 
Eastern Division. 

Mr. T. C. Bailey joined the Anglo-Mexican Petroleum 
Co. Ltd. in 1915 and, after service in the Army, on the 
establishment of Shell-Mex Ltd. in 1921 he held appoint- 
ments in Liverpool, Birmingham, Newcastle, Manchester 
and London. During the 1939-45 war Mr. Bailey served 
with the Petroleum Board, becoming principal technical 
adviser to fuel oil management. For the last six years he 
has been sales manager, Industrial Fuels, Shell-Mex and 
B.P. Ltd. 

Mr. Bailey has been closely associated with the develop- 
ment of oil firing for open-hearth furnaces in the steel 
industry since the war. President of the Institute of Fuel 
in 1958-59, he has been the author of a number of papers 
on the use of oil fuels. 

Mr. E. Rendall joined Shell-Mex Ltd. in 1927 and held 
appointments in London and Hull. After service as a 
technical officer in the R.A.F. from 1940 to 1945, Mr. 
Rendall held an appointment with the Petroleum Board. 
His subsequent career with Shell-Mex and B.P. Ltd. 
has included periods as Birmingham branch manager, 
sales manager, Scottish Oils and Shell-Mex Ltd., and 
divisional manager, North-Eastern Division, Shell-Mex 
and B.P. Ltd. 


Mr. W. E. A. Redfearn has resigned as chairman of 
the Alloy Steels Association and is succeeded by Mr. R. 
Bavister. 

Mr. Redfearn is a director of English Steel Corporation 
Ltd., English Stee! Rolling Mills Corporation Ltd., and 
managing director of English Steel Forge and Engineering 
Corporation Ltd., and has been chairman of the Alloy 
Steels Association for ten years. He is a past president 
of the NADFS 

Mr. Bavister is a director and commercial manager of 
Samuel Fox & Co. Ltd 


At a recent meeting of the Council of the British 
Welding Research Association, Mr. J. D. D. Morgan 
and Dr. L. M. Wyatt were appointed to the Research 
Board Mr. Morgan is with the General Chemical 
Division of Imperial Chemical Industries Ltd., and is 
the chairman of the I.C.I. Welding Panel. Dr. Wyatt 
is the chief metallurgist of the Central Electricity 
Generating Board 


Mr. Henry Snow has been appointed industrial 
liaison officer of the Coil Spring Federation Research 
Organization. His job will be to improve the lines of com- 
munication between the laboratory and the factories. 
He will be ‘selling’ research not only to the com- 
paratively tiny spring-making industry itself, which 
employs only about 7,000 people, but to all the many user 
industries who are also members of the organization. 


Edgar Allen & Co. Ltd. announces the appointment 
of Mr. W. H. Everard, deputy general manager of the 
Foundry Division of the company, as president of the 
British Electric Steel Makers’ Guild. 

The Guild, which was formed in 1957, aims to promote 
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progress in the manufacture of steel for commercial 
purposes in electric melting furnaces and to encourage 
exchange of information between members. 


G.W.B. FURNACES LTD. announces that following the 
untimely death of Mr. A. V. Francis, Furnace Division 
manager, the following appointments have been made: 

The new manager of the Furnace Division will be 
Mr. W. L. Harrison, who has spent many years in the 
furnace industry, particularly on the melting side. In 
future the division will operate as two units, one dealing 
with melting and one with heat-treatment processes. 
Mr. J. Simpson will be sales manager (melting) and 
Mr. J. Nicholls will be sales manager (heat treatment). 
Both Mr. Simpson and Mr. Nicholls have been with the 
company for many years, the former for some time being 
manager of the Canadian branch. 

Finally, Mr. A. Head, for many years chief draughts- 
man, has been appointed chief designer. 


Smith’s Stamping Works (Coventry) Ltd. announces 
that following the death of Mr. S. Bramhall, M.B.E., 
chairman and managing director, Mr. H. B. T. Wilde 
has been appointed chairman and Mr. H. F. W. Perry 
and Mr. H. M. H. Fox joint managing directors. 

Mr. W. N. Smith, who has been with the company 
for over 25 years, has been elected a director. Mr. G. 
Warriner, after over 30 years’ service at the Lincoln 
works, has been appointed a director of Smith-Clayton 
Forge Ltd. 


Mr. A. W. Wallbank, B.sc., F.R.I.C., managing 
director of Ionic Plating Co. Ltd., Grove Street, Bir- 
mingham, 18, the Metal Finishing Division of the 
G.K.N. Group of Companies, received the Gold Medal 
award at the American Electroplaters’ Society’s Conven- 
tion at Los Angeles last month. The prize is the Carl E. 
Heussner A.E.S. Gold Medal Award (the Society’s 
Highest paper award) for his paper, ‘ Barrel plating with 
special consideration to protection of thread diameters.’ 


OBITUARY 


We deeply regret having to report the death of Mr. 
Sidney Bramhall, M.B.£., chairman and managing 
director of Smith’s Stamping Works (Coventry) Ltd., 
at the age of 68 

Mr. Bramhall was born in Sheffield and was previously 
associated with William Jessop & Sons Ltd., Cammell 
Laird & Co. Ltd. and English Steel Corporation, of 
Sheffield. He joined a subsidiary of Smith’s Stamping 
Works (Smith’s Clayton Forge Ltd., of Lincoln) in 
1934 and became a director of both these firms in 1936. 
In May, 1954, he became chairman of Smith’s Stamping 
Works (Coventry) Ltd. He was president of the National 
Association of Drop Forgers and Stampers for two years 

1954 and 1955) and has always been an enthusiastic 
supporter of the Association and regular attendant at its 
functions in spite of recent ill health. 

Mr. Bramhall received his M.B.E. for wartime services 
to industry in general. 

We offer our sincere sympathy to his widow and 
three daughters. 


Mr. W. M. Grainger, director and secretary of Walter 
Somers Ltd., died recently. 

Mr. Grainger joined the company in 1946 as assistant 
secretary on his return from H.M. Forces. Several 
years later he was made secretary and in 1959 was 
appointed to the board of directors. Mr. Grainger was 
also a director of the subsidiary company, Walter Somers 
Materials Handling) Ltd. 
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INSTRUMENTATION 


Constant-voltage source for Kent instruments 
The type 3 reference unit is a solid-state d.c. reference 
source designed, developed and produced by George 
Kent Ltd., of Luton, Beds., England, for use with the 
company’s range of electronic self-balancing recorders, 
indicators and controllers. A compact plug-in assembly 
operating directly from the normal a.c. mains supply, 
it provides an extremely stable, ripple-free output of 5-0 
mA. at 5 volts for the slidewire of the instrument measur- 
ing circuit. 

Two Zener-diode stages in cascade reduce the effects 
of normal supply variations by a factor of at least 200, 
while individual temperature compensation of each of 
these stages ensures that the output is substantially 
independent of changes in ambient temperature between 
10 and 70 C An inherent advantage is that the unit 
continues to operate with only slightly reduced accuracy 
if the supply voltage is drastically reduced, even to as 
little as 30°,, of its nominal vaiue. 


Beryllium monitor for industrial health 

A new beryllium monitor has been designed and de- 
veloped by M. S. W. Webb, R. J. Webb and P. C. Wild 
of the United Kingdom Atomic Energy Authority’s 
Woolwich out-station and is being manufactured and 
marketed by Winston Electronics Ltd., Shepperton, 
Middlesex. In conjunction with Dr. A. H. C. P. Gillieson 
of the Atomic Energy Establishment, Harwell, Winston 
Electronics produced the first, semi-automatic instrument 
six years ago, and the new instrument is more completely 
automatic and rapid in operation. 

It is essential to the health of persons employed in 
workshops and laboratories using beryllium, its ores and 
alloys, that the beryllium concentration should not 
exceed two millionths g.m.* It is essential also that 
sudden, or unexpected increases in beryllium concen- 
tration should be quickly indicated, as with this new 
instrument, and that some kind of warning should be 
given automatically. 

The toxic threshold for beryllium is one-seventy-fifth 
that of lead and one-fiftieth of the next most toxic dusts, 
mercury and selenium. For an 8-h. shift the beryllium 
toxic threshold is 2 ug.m.* and at no time should it 
momentarily rise to more than 25 ug. m.*. 

The ‘4W”’ beryllium monitor for the detection of 
beryllium aerosols visually records on a graph every 
60 sec. the beryllium content of a fresh sample of the 
atmosphere in which the instrument is present. 

It gives quantitative results over the range of 1 to 75 
millionths g.m.*, irrespective of the particle size or 
chemical composition of the beryllium atmospheric dust. 

The monitor is a fully quantitative instrument for the 
optical estimation of the element. Its accuracy is now 

15°., for beryllium metal and + 30°, for beryllium 
compounds and alloys. 

The sampling head is portable and connected by an 
air hose, which also contains the connecting leads, to the 
estimating console. This improvement enables the 
atmosphere to be sampled at an operator’s inhalation 
level when working the metal or its alloys. 

The air to be sampled is drawn through a chamber in 
which any beryllium present is optically excited as it 
passes through a triggered alternating current arc. The 
chamber has been carefully designed aerodynamically to 
eliminate pockets of beryllium concentration. 

The ultra-violet radiations from the excited beryllium 


are then resolved into their components by means of 


a spectograph with a high dispersive power. 


The intensity of the beryllium doublet at 3,130A, 
which is proportional to the concentration of beryllium 
present in the air sample, is measured photo-electrically 
and then the ratio of the intensity of this doublet to the 
intensity of the adjacent background is recorded on a 
chart, i.e. beryllium line background. 

The automatic calibration is achieved by the use of 
a simple condensed spark discharge between a beryllium- 
copper electrode and a copper counter electrode producing 
an aerosol containing a uniform concentration of beryllium 
at a constant rate, the air for this being drawn through 
special filters. The monitor is fully automatic and it 
Operates on a predetermined cycle in which it is first 
calibrated and then records a series of results at 1-min 
intervals. 


Rapid-response direct-reading portable 
thermometer 

The MAVOTHERM is a comparatively new portable instru- 
ment for the measurement of temperatures in solids, 
liquids or gases. Ideally suitable for use in both labora- 
tories and workshops for rapid accurate measurement of 
ambient or static temperatures, the MAVOTHERM combines 
accuracy and speed with safety and convenience. Reading 
time is between 3 and 4 sec. and accurate to +2 C. 

The instrument is battery operated and, under normal 
load conditions, its 1-5-volt battery will last for nearly 
a year. It has two ranges (-20°C. to + 90°C. and + 90°C 
to +200°C.) and the scale readings are calibrated in 
degrees centigrade. Two calibrated probes specially 
designed for easy access to difficult locations are supplied, 


1 The Mavotherm portable thermometer 
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and the whole instrument is contained within a strongly 
made plastic case. The MAVOTHERM is manufactured by 
P. Gossen of Germany and distributed in the United 
Kingdom by Aveley Electric Ltd. 


15-MeV. mobile betatron 
For non-destructive testing of steel thicknesses of up to 
4 in., the majority of supervoltage X-ray units and radio- 
active isotopes currently used are sufficient in power. 
Above this thickness, however, exposure times become 
unacceptably long. At the same time, as thicker fabri- 
cations in steel become more common and as radiography 
is extended to the testing of other types of material such 
as reinforced concrete, the need arises for a powerful 
X-ray generator which possesses an extremely high 
degree of sensitivity when dealing with thick structures. 
The Siemens 15-MeV. mobile betatron, which has 
just been introduced to the market by Pantak Ltd., of 
Vale Road, Windsor, Berks., comprises essentially an 
electromagnet shaped in the form of a shell-type trans- 
former which contains an air gap in its middle leg. The 
function of this a.c. excited transformer is to create 
a magnetic flux in which electrons are accelerated almost 





2 The Siemens 15-MeV. mobile betatron 


to the speed of light in a doughnut-shaped accelerator 
tube which surrounds the electromagnet. The flux 
produced by the field varies rapidly in shape from the 
injection stage, when electrons are injected from a 
cathode filament, through four following stages of 
deflection and transfer into the magnetic field, a packing 
phase, a distribution phase, a phase when the flux is 
constricted, this leading finally to the emission of electrons 
which strike a platinum target and thus give rise to very 
high-energy X-rays. 

The magnet which carries out this process has two 
rotation-symmetrical poles with parallel faces arranged 
as a two-legged yoke, the distribution of the field pro- 
duced being governed by pole piles which are clamped 
between the poles. These pole pieces are critically 
important in that they govern the location of the orbit 
of the flux and the strength of the magnetic force which 
stabilizes it. Both the pieces and the surrounding 
accelerator tube are pneumatically pressed into contact 
with the magnetic yoke which gives stiffness and protec- 
tion during transport in addition to damping down both 
transformer noise and vibration. 

The accelerator tube is constructed of a ceramic known 
as frequenta, the inner wall of this doughnut tube being 
coated with a metal film. The materials used are degassed 
and the tube is evacuated to the low pressure of 10-* 
torr. The tube is sealed by a 30-micra-thick nickel foil, 
through which electrons accelerated in the flux by the 
magnet may leave if the production of free electrons is 
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required, For X-ray work, however, these electrons are 
arranged to graze a platinum target which is fixed to 
the inner wall of the tube, the resultant X-ray beam being 
taken out through the frequenta wall of the tube. 

The magnet coils are energized by a regulating trans- 
former connected directly to a 50-cycle 3-phase mains 
supply, the consumption amounting to approximately 12 
kVA. and a regulator is employed to correct mains voltage 
fluctuations between 180 and 240 volts. The betatron 
is Operated from a small portable control case, and with 
a total weight of under 34 tons it may be readily trans- 
ported by truck from site to site. 

The substantial savings in exposure time which can 
be made with this new tool are shown for example by 
the fact that exposures for steel thickness of between 
6-8 in. are only a few minutes, whilst that for a 16-in. 
thickness of steel is between 1 and 2 h., as compared 
with an exposure of several days which would be required 
even with a supervoltage X-ray tube of the conventional 
type. Apart from this saving, a new technique of radio- 
graphing a workpiece whilst still hot is opened up and, 
since the cooling-for-examination stage is one where 
flaws may develop, the elimination of this stage in thick 
section fabrication will lead to the prevention of costly 
flaws in this type of work as further fabrication can 
follow inspection without the need for a fluctuating 
temperature gradient. The third point of note is the 
fact that a magnification technique, giving an image of 
up to three times the size of the flaw, can be used. 


New high-range Pressuretrol 

A recent addition to the Honeywell range of pressure 
controllers is the new industrial Pressuretrol, medel 
P428, designed for general applications requiring control 
or limiting of gas or liquid pressures up to 3,000 Ib. /sq.in. 
It can operate alone as a controller or with other instru- 
ments for limit, alarm or signalling service. Five ranges 
are available, from 30-300 to 300-—3,000 Ib. sq. in. 

The industrial Pressuretro]l consists of a mercury 
switch operated by a corrosion-resistant Bourdon tube, 
enclosed in a heavy steel case which resists dust, weather 
and corrosion. Pressure-setting knobs are conveniently 
located on the front; tamper-proof knobs can be provided. 

Switch action is SPST, make or break on pressure rise, 
depending on the model. The position of the mercury 
switch is visible through a window in the front of the 
case. An explosion-proof model is available for use in 
hazardous atmospheres. Full details are given on 
specification $1011-3 available on request from Honey- 
well Controls Ltd., Ruislip Road East, Greenford, 
Middlesex (WAXlow 2333). 
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NEW PLANT 


Ultrasonic cleaning for degreasing plants 
1.C.I. is now marketing a series of ultrasonic cleaning 
plants designed for use with trichloroethylene. Ultra- 
sonic generating equipment, made by Dawe Instruments 
Ltd., 99 Uxbridge Road, London, W.5, is connected to 
a sealed stainless-steel transducer unit containing barium 
titanate elements submerged in cool trichloroethylene in 
one compartment of the plant. Here, electrical impulses 
at a frequency of 40 kc./s. are changed to mechanical 
vibrations which produce ‘ cavitation’ in the solvent. 
Cavitation means the alternate formation and violent 
collapse, at a very high rate, of minute cavities in the 
liquid, giving an intense scouring action at the surfaces 
of the work. The high solvent power of trichloroethylene 
on oil and grease contamination is assisted by the mech- 
anical effect of the scouring, so that insoluble solid 
particles are effectively detached, even from cracks and 
pits on metal surfaces. The solvent in the ultrasonic 
cleaning compartment is circulated by a pump through 
a filter, where solids are collected, and back to the same 
compartment. The filter is easily accessible for renewal. 

The other compartment in the plant holds electrically 
heated boiling trichloroethylene below a vapour layer. 
Vapour rises to the condensing coils, falls as liquid into 
the ultrasonic compartment and returns to the boiling 
liquor compartment by over-flowing the weir plate. 

The route of articles through the plant varies according 
to their condition. Most of the work for which the ULV1 
is appropriate is not heavily greased or oiled and can go 
straight into the ultrasonic cleaning compartment, and 
then into the vapour above the boiling liquor. Grossly 
contaminated work should be given a preliminary dip in 
boiling liquor; in the larger plants three compartments 
are provided so that a steady flow of work can be main- 
tained. The final immersion in vapour is desirable for 
safety and economy, as it ensures that work is dry when it 
leaves the plant. 

Safety features include rim ventilation equipment and 
a thermostat which cuts off the heat if the water fails 
or if the solvent level falls dangerously low. 


Automatic high-vacuum heat-treating furnace 

An automatic, high-vacuum, cold-wall-type furnace with 
a work space 26 in. wide, 26 in. deep and 24 in. high, 
has recently been developed by Ipsen Industries Inc., 
Rockford, Illinois, U.S.A. The general-purpose 
vacuum heat-treating unit will be used for high-tem- 
perature copper brazing and heat treating of gas turbine 
parts and assemblies. Like other standard Ipsen vacuum 
heat-treating units, the furnace can be used for hardening, 
tempering, drawing and annealing refractory metals, 
stainless and special alloy steels. 

The furnace, series V-5-750, has an operating tem- 
perature of 2,600°F., a maximum operating pressure of 
0-1 micron Hg, and takes a power supply of 150 kW./h. 
It has a transformer built in for operating 110-V. control 
circuits. Total floor space required is 10 ft. 10 in. 

13 ft. 104 in., which includes the furnace, the vacuum 
system, control panel and power panel. The furnace is 
charged horizontally and has a molybdenum hearth. 
The charging door is side hinged and is equipped with 

a sight glass for viewing the work during heating. The 
pumping system consists of a 120-cu.ft./min. mechanical 
pump and a 16-in.-dia. vapour diffusion pump capable 
of a pump-down time from atmosphere to 1 micron Hg 
in less than 20 min. The furnace employs graphite 
heating elements (molybdenum heating elements are 
optional) and multiple radiation shields which are easily 
removed for maintenance and replacement purposes. 
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The power panel of the V-5-750 vacuum furnace 
houses the main power transformers, the main contactor, 
the current transformer for ampere and voltage indicators 
The control panel has a switch allowing the furnace to 
be set for manual or automatic operation at the will of 
the operator. The entire heat-treating sequence, includ- 
ing time at temperature and cooling cycle, can be operated 
automatically. All operations or any single operation 
can be changed from automatic to manual at any time 
during the sequence. 

The cooling system consists of a vacuum-sealed fan 
mounted within the furnace to provide forced circulation 
of an inert gas over the work during the cooling cycle. 
Cooling from 2,600°F. to less than 400°F. is accomplished 
in less than 14 h. 

Safety features include a thermocouple vacuum gauge 
controller which serves as a safety switch to set off an 
alarm if the vacuum system does not reach 100 microns 
Hg at the end of a pre-set time. It is interlocked with 
the heating circuit to prevent power from being applied 
to the furnace element if vacuum is above 100 microns Hg. 

Ipsen Inc. is represented in the U.K. by Mr. T. W. 
Ruffle, 53 Victoria Road, Surbiton, Surrey. 


Machinable cemented carbides 
Tools which have to be hard to withstand wear, parts 
such as valves and valve seats, and knives and nozzles 
for the chemical and food processing industries, which 
have to resist corrosion or high temperatures, are fre- 
quently —_—— in tungsten carbide or cobalt- base 
alloys. ¢ production of such components on a ‘ one- 
off’ basis is not easy since it is normally necessary to 
form them by casting or by diamond grinding. 
Developments of powder metallurgy techniques in the 
U.S.A. have led to the development by Chromalloy 
Corporation, Yonkers, N.Y., U.S.A. of a new form of 
cemented carbide which overcomes these difficulties. 
The material consists of crystals of extremely hard 
titanium carbide embedded in a matrix of steel, which in 
one variety is a stainless steel and in another is a low-alloy 
steel. In the annealed state these materials may be 
worked by conventional techniques of machining, welding 
and grinding. Components may therefore be produced 
as desired in the machine shop from stock blanks. Upon 
completion, the material is easily heat treated by oil 
quenching to develop the degree of hardness required. 
The material, Ferro-Tic S, is available in the U.K. 
from John Rigby & Sons Ltd., Cleckheaton, Yorkshire. 
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Dust & Grit 
Collectors 


A new addition to the range of 
A. & O. dust and grit collectors 





a 





Cut your finishing costs on 
DIE SINKING & FETTLING 

By using the British made 
BRIGGS - AJAX 


Range of | 





AIR GRINDERS 


which have achieved an enviable reputation for 


This photograph shows an Alidays & Onions UF/I reliability since their introduction 21 yrs. ago. 
Dust Collector, primarily for use with hearths and / 
designed to meet the requirements of the Clean Air Act AJAX JUNIOR, 100,000 r.p.m. for Stones 

8" to 2” dia 

32 5 


~] AJAX MK. III, 50,000 r.p.m. for Stones 


| +" to 3” dia. 
A LL D A Y S BRIGGS MK. II, 28,000 r.p.m. for Stones 


4" to |” dia. (deep reach) 


BRIGGS MK. V, |0,000 r.p.m. for Stones 
& ONIONS 1}” to 2” dia. 
LTO. 


Literoeture on request from Manufacturers 











GREAT WESTERN WORKS © BIRMINGHAM I! BRIGGS BROS. (ENGINEERS) LTD. 
Phone: ViCtoria 2251-4 206 EDWARD ROAD, BIRMINGHAM, 12 
London Office: 2 Queen Anne's Gate, Westminster, London, $.W.! Telephone: CALthorpe 2995 


Phone: WHitehal! 1923/4/5 
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Photograph by kind permission of the Austin Motor Co. itd 


FURNACES 


A wide range of standard or tailor-made mechanised forge furnaces is available, Pusher 
Type - Rotary Hearth Type - Conveyorised Bar End Heating, with GGC scale-free heating 
system or fired by gasor oil. The photograph above illustrates a small Thermic Magazine 
Feed Pusher furnace fired by CC Burners. Output: 7-cwts. of small billets per hour. 


Thermic Equipment & Engineering Co. Ltd. 


(Subsidi pony of Gibbons Bros. Limited, Dudley) 
SALMON STREET, PRESTON “TELEPHONE : PRESTON 56254/5 ° TELEGRAMS : THERMIC-FRESTON 
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BW FURNACES... 


BATCH & CONTINUOUS ELECTRIC 
GAS — OIL STANDARD — SPECIAL 


The Barlow-Whitney range covers 
all types of furnaces for heat-treat- 
ment applications to 1,400°C., as 
this typical unit for heating bars 
and tubes prior to bending. 
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Our Technical Department will gladly 
submit proposals on receipt of your 
requirements. 





WRITE FOR BROCHURE QUOTING REFERENCE H.860 













BARLOW - WHITNEY “LTD. 


2 DORSET SQ., LONDON, N.W.! 
Telephone: AMBassador 5485-6 


Works : London and Bletchley 














No Scale 












PRO-TEK Continuous Billet 
Heating Furnaces are built 
under licence arrangements 
with Metallurgical Oxygen 
Processes Limited and 
Indugas, G.m.b.H., Essen. 
Specially suitable for 
repetition work either 

mild steel or alloys. 
Standard sizes from 10 cwts. 
per hour upwards with 
guaranteed performance and 
scale free high quality PRO-TEK FORGING 
finish heating. 







Longer Tool Life 
Low Fuel Cost 
No Metal Loss 


























NORMAL FURNACE FORGING 


GIBBONS BROTHERS LTO., DIBOALE, DUDLEY, WORCS 
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* 
36° TYPE 23R UH 
EXTRACTOR FOR 
RECLAIMING CUTTING 
OILS AND COMPOUNDS 
FROM SWARF 





BROADBENT PLANNED SWARF DISPOSAL 


euts production costs 


by efficiently reclaiming cutting oils and compounds with BROADBENT 
CENTRIFUGAL OIL EXTRACTORS, and by leaving cleaner scrap 
which demands higher prices and reduces transport costs 


keeps factories cleaner 
by eliminating oil soaked floors and at the same time keeping swarf 
clear of both machines and operators 


* Write for publication $2/5110 





THOMAS 38 a O WWD Ew oe mie & SONS LTD 


CENTRAL IRONWORKS, HUDDERSFIELD Phone: 5520-5 Grams: “BROADBENT” Huddersfield 











metal treatment 
and Drop Forging 


34 august, 1960 





—_— + ,. + + 























THOMAS ANDREWS 


AND COMPANY LIMITED 
High-Grade Steel Makers 
HOT & COLD DIE STEELS 


“MONARCH” 
{TOOL HOLDER BITS 
“Y DENITE’ CARBON & ALLOY TOOL 
) STEELS for ALL PURPOSES 
“ HELVE" 





hy SPEED STEELS 


{ CARBON TOOL STEEL for 
CHISELS, PUNCHES, &c. 








ROYOS WORKS ANO 
HARDENITE STEEL WORKS 
ATTERCLIFFE ROAD, SHEFFIELD, 4 


Export Department 
THE HARDENITE STEEL COMPANY LIMITED 


Telegrams: 
Shaking, Sheffield, 4 


Tevepnenc 
Sheffield 22/3! 





























ABBEY HEAT 
TREATMENTS LTD. 


Plaza Works, High St., Merton, S.W.19 
8 


Specialized Heat Treatment 
in our NEW Capacity Furnace 
with non-oxidizing atmosphere 

e 


SPECIALLY DESIGNED for the heat 
treatment of high temperature alloy 
materials up to 1,300°C. 


cs 
Enquiries will be dealt with personally by our 
Technical Staff - Ring CHERRYWOOD 2291/2 


A\.D. DAARM. LEME. & ARB. Approved 
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MYPROVED | 


FORGED-AIR FURNAGES 1 
BY 








Simplified construction improves T 
performance and keeps cost down 


What’s more, there is no sacrifice of quality. 
Construction is rugged; high grade materials 
are used throughout; control is fully automatic 
and the latest safety devices are incorporated. 
The centrifugal fans are large enough to cope 
with the densest loads, and temperature vari- 
ation is practically nil when working on 
control. 





Little maintenance is required. Ail working 
parts are easily accessible, and element replace- 
ment is quick and simple, no major dismant- 
ling being required. 

These furnaces have a wide range of applica- 
tions, and will deal quickly and accurately 
with both dense and loose loads 





ELECTRIC VERTICAL T 


Forced-Air Circulating Furnace 

Work container: 36” diameter 36” deep. 

Rating: 60 kW. Electric hoists and quench * 
tanks are available as extras if required. 

Horizontal model also available 

Our new catalogue, giving details of our 

new products, is now available. Please + 

write or phone for a copy. 


INDUSTRIAL HEATING SPECIALISTS J 





Commerce Estate, S. Woodford, London, E.18 
Telephone: BUCkhurst 6601-3 
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COLLOIDAL GRAPHITE 
PROVES ITS WORTH 


In one recent case where a customer 
was using a well-known brand of 
colloidal graphite in water, and had 
been doing so for many years, trials 
with our famous “Grad” colloidal 
graphite in water proved so successful 
that die life was nearly trebled. 


The customer immediately changed over to using 
“Grad” and the overall production of this particu- 
lar item, which is a precision forging, was practically 
doubled. The saving in cost is enormous! 
CLEANER TO USE 


GRAPHOIDAL DEVELOPMENTS LTD. 


CONSULTING LUBRICATION ENGINEERS 


CLUBGARDENS WALK, SHEFFIELD, 


Telephone: Sheffield 27385 








A section of a Special Gas fired 


Precision Casting Lid 


and it's 





Mould Heating furnace at Deritend 
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ALLOY STEELS - too! 


OR many years it has been 

known that -40/50°%, Carbon Steel 
Gears will give an appreciably longer 
life when Flame Hardened—in fact 
four to five times the normal. 


“EWER people are aware that 
Alloy Steels—Nickel Chromium 
—En 23, En 24, En 110, etc., can be 
similarly treated—and pass the most 
stringent tests. 


Write us or ‘phone for full information 


FLAME HARDENERS LTD 


Shorter Works, Bailey Lane 
SHEFFIELD, | Telephone 21627 











FRANKLIN FURNACES 


There’s big savings in terms of dependability 

and easy maintenance when Franklin are called 
in on that furnace installation. Long experience 
in the supply of standard, and the design of 
special furnaces mean the snags are quickly 
ironed out. Furnaces fired by ‘Dine’ Burners 
give easy maintenance and fuel economy, that’s 
why more and more well-known Companies are 
now counted as customers. 

Our team of experts would welcome the chance 


to look into your furnace problems. 


& 
’ 


MANUFACTURERS OF INDUSTRIAL 
FURNACES AND OIL BURNING 
EQUIPMENT FOR ALL PURPOSES 





FRANKLIN FURNACE CO. LTD., BAKER STREET, SPARKHILL, BIRMINGHAM I!1, ENGLAND 
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STAINLESS STEEL 
HEAT RESISTING 
CYANIDING POTS 


CASE HARDENING BOXES 
CAST IRON, BRASS. GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM erc 





HIGHLY ALLOYED STEEL 
CASTINGS 


*JOFO"’ castings are available in 
a wide range of qualities 


From a few ozs up to 10 cwts each 


M.O.S. approved inspection facilities installed 
Routine X-ray control 


A fohason ‘ Ksies Sd 


Regd. Office 
BROADFIELD RD., SHEFFIELD 8 
Telephones: 52431 4 
Office and Works Entrance 
AIZLEWOOD RD., SHEFFIELD 8 
Foundry : Aiziewood Road, Sheffield 
Machine Shops: Broadfield Road, Sheffield 
London Office : Central House 
Upper Woburn Place. W.C.! 
(EUSton 4086 
Glasgow Office : 93 Hope Street, C.2 
(Central 8342/5) 
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ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 


HIGH SPEED TOOL, Dit 

& SPECIAL ALLOY STEELS 

also STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS 
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FOR 
HIGH TEMPERATURE 
SERVICE 


| THE NICKEL- 
CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 


f PYRO METER 


HEATHS 


THE CRONITE FOUNDRY CO. LTD. 


LAWRENCE ROAD, TOTTENHAM, LONDON, NLS 5ranhes 
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n all ways. Today, hovercraft and satellites—what of tomorrow? 

He will grow up with Mr. Therm, for each advance made by Engineers 
and Technologists will be helped by the unceasing research of the 
Gas Industry into gas utilisation. Through the twelve Area Gas Boards, 
the Gas Industry offers an unrivalled free technical advisory service on 
fuel to the many industries and trades which it serves 

Write or ‘phone your problem to your Gas Board NOW 


SSUED BY THE G 


Price 2/6 














